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FOREWORD

The FSJ-3 jet-effects model tests were conducted

under NASA Apollo contract NAS9-i50 in tunnel A of

the yon Karman Gas Dynamics Facility at the Arnold

Engineering Development Center, Tullah_m__a,

Tennessee, during the week of 29 July 1963.

This report was prepared by J.D. Moore of the

Apollo Aerodynamic Engineering Section in accord-

ance with paragraph 5.5, Exhibit I of the NASA

Apollo contract NAS9- 150.
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ABSTRACT

An investigation was conducted to determine the

aerodynamic characteristics and launch escape system

(LES) jet impingement characteristics of the Apollo

launch escape vehicle (LEV) at various LES rocket

motor thrust levels. A 0.045-scale model of the LEV

with unheated air jets for LES exhaust jet simulation was

used for the tests. Force, moment, and pressure dis-

tribution data were obtained in the Mach number range

from i. 5 to 6.0 at angles of attack from 0 to 50 degrees.

Data were also obtained at the uncalibrated Mach number

of 0.70 for comparison with other jet-effects data.

The data indicate considerable and variable effects

of the LES jets on the LEV aerodynamics characteristics;

particularly on axial force and pitching moment coeffi-

cients. The stability of the LEV due to aerodynamic

forces is always reduced by the effects of the jets. The

magnitude and sign of the difference between jet-on and

jet-off drag coefficients is dependent on LES thrust

coefficient, angle of attack, and Mach number. Jet

impingement on the command module is primarily depen-

dent on thrust coefficient and angle of attack; increasing

with increasing angle of attack and decreasing thrust

coefficient.

il liJ II h_ is -.....- V -
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NOMENCLAT URE

The following symbols are used throughout this report and in the

appendixes.

Symbol

A

Aj

At

CA

CN

Cy

Cm

Cn

c_

Cp

CL

CD

CT

C_

d

L

Definition

Axial force, ibs

Flow area of isentropically expanded jet,

Nozzle throat area, sqin.

Axial force coefficient, A/q== S_

Normal force coefficient, N/q== SE

Side force coefficient, Y/qo0 S_

Pitching moment coefficient, m/q== S_ d

Yawing moment coefficient, n/q_ S_r d

Rolling moment coefficient, _ /q== S_ d

Pressure coefficient, P-Po0/q==

Lift coefficient, L/qo0 S_

Drag coefficient, D/q_ S_

Thrust coefficient, T/q== S_

o

Reference length, in.

Lift, lbs

Rolling moment, in. - lbs

- xi -

sq in.
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Symbol

M

m

N

n

P

q

Re

r

S_

S/r

S.F.

TT

V

Wa

Y

X

X

XCp

Z

z

Mach number

Mass flow rate,

Pitching moment,

Normal force, ibs

Definition

ib-sec/ft

in. -ibs

Yawing moment, in. -ibs

Pressure, psia

Dynamic pressure, psi

Reynolds number

Command module radius

Reference area, in.2

Surface distance from CM nose divided by CM radius

Model scale factor

Total temperature, °R

Velocity, ft/sec

Air flow rate, Ibs/sec

Side force, ibs

Axial distance from CM apex (negative towards heat shield

face), in.

Axial distance to reference center of gravity

Axial distance to center of pressure

Vertical distance from model axis, in. (positive downward)

Vertical distance to reference center of gravity

Angle of attack, deg

- xii -
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Symbol

B

'y

8

Subs c ripts

A

a

B

C

i

J

m

P

V

0

!

2

1 -47

c.g.

De finition

Angle of sideslip, deg

Ratio of specific heats

Model-balance offset angle, deg

Jet boundary streamline direction, deg

Refers to CM apex axis system

Refers to model air system

Refers to balance

Refers to nozzle chamber

Refers to ideal conditions

Refers to isentropically expanded jet conditions

Refers to FSJ-3 model

Refers to prototype LES

Refers to vent instrumentation on CM

Refers to stagnation conditions

Refers to balance in C40 command _r_odule when used with

force or moment coefficients

Refers to balance in E65 rocket motor case when used with

force or moment coefficients

Refers to pressure tap location when used with P

Refers to ambient flight or tunnel conditions (M o and Moo are

synonomous )

Refers to reference center-of-gravity axis system

- xiii -
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Constants

S_ m

S#
P

dm

dp

_/d

_-/d

37. 7186 in.Z

18, 617 in. Z

6.93 in.

154 in.

-0. 31564

0. 0440

_jm

_/jp

7_

1.4o

1.23

1.4o

- xiv -
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INTRODUCTION

The 0. 045 FSJ-3 jet-effects model of the Apollo launch escape

vehicle (LEV) was tested in the 40 x 40 inch supersonic wind tunnel at the

Arnold Engineering Development Center (AEDC) to investigate the

aerodynamic characteristics and escape rocket exhaust impingement

pressures on the module during operation of the launch escape system
IT T_%

_a_J_c_o).

Force, moment, and pressure data were obtained from the command

module plus tower component of the model. Force and moment data were

obtained from the model rocket motor component. Total LEV characteris-

tics were obtained by the summation of component data. The tests were

conducted in the angle-of-attack range from 0 to 50 degrees and the Mach

number range from 1.48 to 6.0. Data were also obtained at 0.7 Mach

number, with the wind tunnel operating at an uncalibrated off-design

condition. These data were obtained primarily for comparison with other

jet-_ff_ct_ data fro.___the FS!-] h_T_ pe_v_ model, which ..... _÷_

in a transonic wind tunnel.

Tabulated and plotted data are presented in the appendixes, and a

discussion of the data, the test, and the model is presented in subsequent

sections. A complete description of the model is presented in the pretest

report. 1

1pretest Report for the 0. 045-Scale Apollo Force Model FSJ-3 Wind Tunnel Test in the AEDC yon Karman

Gas Dynacnics Facility Tunnel A.. SID 63-352 (10 April 1963).

_
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I. MODEL DESCRIPTION

The FSJ-3 is a 0. 045-scale stainless steel model of the Apollo launch

escape vehicle (LEV) with provisions for exhausting unheated air through

simulated launch escape system (LES) rocket nozzles. Figure 1 shows all

model parts completely disassembled. The command module (CM) and

escape tower are installed on the AEDC 4.01-Y-36-01Z balance. The model

air system extends from the sting through the CM and tower without touching

either and contains the simulated LES nozzles. The model rocket motor,

excluding the nozzles, is installed on the AEDC 401-Y-36-003 balance which

is attached to the forward end of the air system. Figure g shows the

assembled model. (The strakes shown on the CM were removed before

te sting. )

AIR SYSTEM

The high pressure air from the AEDC 4000 psi supply is brought to the

model :.... 11-- &.' ---- -" ..... f| '' !• *I_=LL=_IU_I _n _wo ±,ex.ote lines which are manifolded at the aft model

Support structure (Figure 3). From this manifold the air is ducted through

two solid pipes located on either side of the -012 balance to another manifold

in the CM. A single pipe, concentric with the model centerline, extends

from the forward manifold through the tower to the nozzle adapter which

contains the simulated LES nozzles and the attachment for the -003 balance.

The air system is physically isolated from the -012 balance, the CM, and

the tower. The nozzle description is presented in the following tabulation:

Configuration

De signation

N 8

Exit Div.

Angle (deg)

13.5

Area

Ratio

3.19

2-.75

2.41

Throat

Diam. (in.)

0.4003

0.4313

0. 4601

Exi t

Diam. (in.)

0.7155

0.7155

0.7155

Placement

Top Pitch

Yaw (Z)

Bottom Pitch

These nozzles are n_t tn _c_le owcont f_- _]_ ovi_ =re=, e]_= =v4_

location, and the centerline inclination to the model centerline.

-3-
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a 
Figure  2.  FSJ-3  Model Assemble ((I= 0 )  
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MODEL CONFIGURATION

Full-scale dimensions of the components of the LEV configuration used

during the test are given in the following listing.

Escape Motor, E65 (Figure 4)

Total length

Diameter

Nose Radius

Nose included angle

Skirt base diameter

Skirt flare angle

269.67 in.

Z6.00 in.

2.00 in.

30.00 deg.

5Z. 73 in.

34.00 deg

Tower Structure, TZ8 (Figure 5)

Total length

Number of longitudinal members

Number of cross braces

Number of diagonal braces

Diameter of longitudinal members

Diameter of braces

Distance from top of tower to support ring

Diameter of ring

Distance between attack points at the

command module

Horizontal plane

Vertical plane

Distance between attack points at the

rocket motor base

113.45 in.

4

8

28

4.16 in.

2.78 in.

32. 13 in.

23. 00 in.

50.67 in.

46.84 in.

36.04 in.

Command Module, C40 (Figure 6)

Maximum diameter

Radius of spherical blunt end

Corner radius

Conical surface half angle

Distance from apex to truncation station

154.00 in.

184.80 in.

7.7 in.

33.00 deg

Z0.31 in.

(Not to scale, description given in preceding section)

-7-
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II. INSTRUMENTATION

FORCE MEASUREMENT

Forces and moments on the CM and tower were measured by means

of the AEDC 4.01-Y-36-01Z six-component balance which has the following

capacity ratings.

Component

Normal Force

Side Force

Chord Force

Rolling Moment

Pitching Moment

Yawing Moment

Rated Load

500 [bs

Z50 lbs

1 25 Ibs

400 in.

000 in.

500 in.

- lbs

- lbs

- tbs

Forces and moments on the rocket motor body were measured by

means of the AEDC 4.06-Y-36-003 six-component balance which has the

following capacity ratings.

Component

Normal Force

Side Force

Chord Force

Roiling Moment

Pitching Moment

Yawing Moment

Rated Loads

1 O0 lbs

1 O0 Ibs

30 [bs

350 in.

350 in.

Z5 in.

- [bs

- lbs

- lbs

Di_'I$'O._TTDI_ TIM_q_I_TTI_,4"E'I_.T_r A'TTCY_.T

Pressure taps are installed on the left side of the command module at

the locations shown in Figure 8 and tabulated below. The tubing for these

taps is routed through the base of the command module and inside the wind-

shield. A short length of soft tubing in each line prevents excessive

transmittal of forces and moments by the pressure lines.

-13-
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NAA

AEDC

Data Column-Row

NAA

AEDC

Data Column-Row

NAA

AEDC

Data Column-Row

NAA

A EDC

Data Column-Row

NAA

A EDC

NAA

A EDC

Data Column-Row

NAA

AEDC

Data Column-Row

NAA

AEDC

Data Column-Row

Tap Identification

127 427 527 627 727 027

(6) (5) (4) (3) (2) (I)

6-II 5-i14-I13-ii 2-11 i-ii

139 239 339 539 639

(14) (13) (12) (11) (10)

5-14 4-14 3-14 2-14 1-14

154 254 354 554 654

(22) (21) (20) (19) (18)

4-17 3-17 2-17 1-17 9-14

163 263 363 463 563

(32) (31) (30) (29) (28)

5-20 4-20 3-20 2-20 1-20

175 275 375 475 575

(42) (41) (40)(39) (38)
_-Oq K-OQ A-OQ q-Oq O-OQ
v _v v _v _ _v v _v _ _v

BI40 B5. 540 B840 B040

(46) (45) (44) (43)

4-26 3-26 2-26 1-26

BO 12

(47)

5-26

Vl V2 V3

(48) (49) (50)

7-26 8-26 9-26

839 939 039

(9) (8) (7)

9-118-11 7-11

854 954 054

(17) (16) (15)

8-14 7-14 6-14

663 763 863 963 063

(27) (26) (25) (24) (23)

9-17 8-17 7-17 6-17 5-17

675 775 875 975 075

(37) (36) (35) (34) (33)

!-23 9-20 8-20 7-20 6-20

s/r

0.57909

0.86526

1.20143

1.43759

1.72376

2.07753

2.65262

1.75

Three taps are installed in the nozzle adapter to measure chamber

pressure. These pressure measurements were used to set the desired

thrust simulation. _v[otor base pressures, skirt base pressures, command

module cavity pressure, and windshield internal pressure were also

measured.

PHOT OGRAPHIC INSTRUMENTATION

The VKF tunnel A Schlieren system was utilized during the test. Still

and motion pictures were taken to document the flow conditions. A ground

glass screen was available for Schlieren observation during the test.

SID 63-1460





NORTH AMERICAN

.....:

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

III. TEST INSTALLATION AND PROCEDURES

INS T ALLATION

Figure 9 shows the FSJ-3 installed in the VKF tunnel A on the yaw

actuator. (The strakes shown on the CMwere removed before testing.)

The model and actuator were oriented such that movement of the actuator

pitched the model in the vertical plane. This orientation provided an angle-

of-attack range of 0 to 60 degrees in the plane perpendicular to the Schlieren

system centerline. Installation of the 20 degrees offset model (8 = 20

degrees) changed this range to Z0 to 80 degrees. Alinkage change in the

actuator is required to change its range from 0-30 degrees to 30-60 degrees.

The yaw actuator is mounted on the tunnel sector which provided

approximately Z0 degrees of model rotation in the horizontal plane• With

the FSJ-3 installation this provided a sideslip angle range from -15 to +5

degrees.

• _^_ T _c j ........... pip..... _mu±_£un was d into the tunnel

aft of the diffuser and brought forward to the sector through two I. 5 inch

diameter pipes. From the sector to model the air was ducted through

flexible lines to provide for movement of the yaw actuator. Control of the

airflow and pressure was accomplished at a control station outside the tunnel

which was remotely operated from the tunnel A control room.

The stainless steel pressure instrumentation lines are in the air

stream from the model to the sector which has provisions for routing them

out of the tunnel, where they are attached to the Gianinni valving aystem.

The balance leads are also routed through the sector and connected at a

junction box outside the tunnel.

Three installation configurations were used to cover the desired angle-

of-attack range. Configuration 1 consisted of the 0-30 degree actuator

the 0-30 degree actuator range and the offset (O = Z0 degrees) model; and

DU-DU.....•_u_ 3 UU_._L_L_U Uf Lhe degree ac_uaIor range and tl%e ollset

model. Configuration 3 is shown in Figure i0. The nose cone was removed

to avoid interferrence with the tunnel ceiling. (The strakes shown on the

CM would have been removed before testing if time for testing this configura-

tion had been available.) The angle-of-attack ranges for these configurations

were 0-30 degrees, 20-50 degrees, and 50-80 degrees, respectively.

17-
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TEST PROCEDURE

The test procedure followed during the testing of the FSJ-3 model

consisted generally of the following steps.

i. Reduce test section pressure for starting

2. Start tunnel

3. Set desired tunnel pressure conditions and null nozzle actuators

at proper positions

. Starting at minimum angle of attack, record force data only at

intervals (5 degrees or less) through the _ range of the con-

figuration with the jets off

. Starting at maximum a, record force and pressure data at

intervals (5 degrees or more) as the actuator is returned to the

minimum position

6. Repeat steps 4 and 5 at three selected jet pressure levels

7. Repeat steps 4 through 6 for selected sideslip angles

8. Repeat steps 3 through 7 for desired Mach numbers. (Can be

obtained without shutting tunnel down. ) Shut tunnel down

9. Repeat steps i through 8 for other tunnel Mach number ranges

i0. Change installation configuration and repeat steps 1 through 9.

TEST CONDITIONS

The tunnel flow conditions were selected to simulate altitude and

dynamic pressure conditions within the trajectory envelope of the prototype

launch escape vehicle. The Reynolds number simulation was therefore not

close because of the model scale and the lack of ambient temperature

simulation.

-20-
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The following list presents the nominal wind tunnel conditions for the
test.

M_ Po P_ q_ T o R e

0.7 13.80 psia 9.95 psia 3.42 psi 546°R 2.05 x 106

1.48 8.21 2.30 3.53 549 1.42

1.98 9.69 1.28 3.50 550 1.42

2.99 19.56 0.54 3.38 550 1.70

3.99 25.13 0.168 1.87 556 1.29

4.99 22.15 0.044 0.738 556 0.695

5.97 31.90 0.0Z0 0.52 546 0.659

-Zl -
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IV. LES JET SIMULATION TECHNIQUE

The subject testing of the FSJ-3 jet-effects model utilizes unheated

air as the fluid for simulation of the LES solid propellant exhaust products.

Since the two fluids are considerably different it is appropriate to briefly

describe the analysis which supports the simulation technique. The simu-

lation parameters which were determined to be most important from the

jet-e._e_s simulation point of view are jet momentum ratio and jet plume

shape. For the sake of expediency and also because actual values would

be difficult to obtain, the nozzle efficiencies of the prototype :and the model

were assumed equal. Simulation of ideal momentum ratio and plume shapes

were therefore pursued.

The idea/ momentum ratio is defined as ideal thrust coefficient, CTi

where

o

CT. : (qMLVj %proto1 b_.l -

o

/ Mj Vj )m ode!:i,<s.
I1_

for correct simulation. This is expanded to

"Y. M.a P.A. _/.

3p Jp Jp Jp 3m
Z -Z

P M_p %S_r p m

M.a P. A.
Jm Jm Jm

m (2)M_ P_m S_rm

Since M_m and _ are set equal to Moo and 7® in the tunnel and P_m p p

equals Pj for an isentropically (ideally) expanded jet this equation reduces to

since

2 2

jp Mjp Ajp TJm Mjm Aim
= (3)

S_rp Sa m

Mjp = f (PCp/P_p and Yjp), (4)

-23 -
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Ajp = f (PCp/P_p, _/jp and Atp ), (5)

= and (6)
Mjm f (Pcm/P= m ?Jm )'

and

Aim = f (Pcm/P=m' ?Jm' and Atm); (7)

" S.F ) for jet (8)
Pcm/P°0 m = f (Pcp/P°° p' "/Jp' Atp, Jm' Atm' "

momentum simulation. The value of Atm was selected to maintain Pcm/P_m

within the capabilities of the AEDC facility. Figure 1 1 shows the relation-

ship between Pcm/P00m and Pcp/P00p. The values of C T appearing on the

plots in Appendix A were computed from the following equation.

2'rjm M -2Jm PJm Aj om Cos 35
C T : x _IN x (9)

"/00 M Z P_ S_r m Cos Z. 75 °
m m m

where _] N is a computed prototype nozzle efficiency bas4d on static LES

motor firings.

The primary parameter considered for plume shape simulation was the

flow direction, 8 , of the boundary streamline as it leaves the nozzle exit.

Figure iZ shows this comparison between the prototype and the FSJ-3 model.

Figure 13 shows comparisons of plume shapes which were defined by means

of a modified method of characteristics computer program.

Because of the space restriction in the model rocket motor base areas,

it was not possible to design a plenum chamber upstream of the nozzles to

stagnate the air. It is therefore necessary to turn the airflow 145 degrees

at high velocities which incurs high pressure losses and makes it impossible

to measure nozzle stagnation pressure by means of a wall tap. An airflow

rate calibration of the chamber pressure tap on the model centerline, Pc '
1

was accomplished to provide a means for setting the simulated LES

thrust level.

Wa T_f_T a (10)
= _ Pc

Thrust -_ Pc O. 53 18 Arm 1

Figure 14 is the calibration curve for Pc

- Z4 -

vs Pc
1

SID 63-1460
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0.001

Poo/PC
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0.00001
10 100 1000 10,_%00

Figure 1I. Pcm/Poo m and Pcp/Poo p Versus _ j MZj Aj
Sir

(Sheet 1 of 2)
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1.0

0°1 --

P_/Pc

0.01 --

0.001
0.01 0.I 1.0

7.; Mj 2Aj

57]"

Figure 11. Pcm/Poo rn and Pcp/P oop Versus )PJ (Sheet 2 of Z)
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0.00223

I I
6 8

0.0064 0.0182
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V. DISCUSSION

FORCE AND MOMENT DATA

Axial force, normal force, and apex pitching moment coefficient curves

from tests of the 0. 105 scale FS-Z model have been superimposed on

Figures 21, 22, 23, and ?4 in Appendix A. The differences shown are

probably due to one or more of the following reasons.

i. Small model configuration differences. FS-Z was configuration

E48T9C 2 and FSJ-3 was configuration E65T28C40N8.

Z. Flow field interference of the air pipe inside the FSJ-3 model

tow e r

3. Deletion of the CM nose on the FSJ-3 model

........... _we=,, L_,e CM (metric)4. Force transmission through *he _,I_ seal _'_ ..... "

_ _e air pipe (nonmetric) of the FSJ-3 model.

o At M = 0.7, the tunnel flow conditions in tunnel A (FSJ-3 test) are

unknown because the tunnel was not designed for subsonic operation

and therefore has not been calibrated.

The axial force coefficient data from the FSJ-3 tests at Mach numbers

of I. 48, I. 98, and 2. 99 were obviously in error because of sting effects;

apparently caused by the undesirable size and shape of the yaw actuator.

The plotted data presented in Appendix Awere corrected for these effects

by increasing the axial force coefficient by an amount equal the average

base pressure discrepancy; that is

ACA= _cp (ii)
B

The small changes in Cmcg due to these increases in C A are well within the

................... ,,v_ u_,, p_uL_u. ±ne C A correctzons are

tabulated below. The tabulated data sheets presented in Appendix B are

direct reproductions of data received from AEDC and have not been cor-

rected for sting effects.

-31 - %3::Tzqzr:T:;,k"
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0

5

i0

15
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30

35
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0

5

i0

15

2O

25

30

35

40

45

50

0

5

I0

15

20

25

30

35

40

45

50

C A at M_= 1.48

C T __-_0

0.23

0.20

0.16

0.18

0.20

0.20

0.26

0.22

0.20

1.08

0.23

0.21

0.19

0.20

0.22

0.22

0.28

0.23

0.18

1.50

0.23

0.22

0.20

0.22

0. 24

0.24

0.29

0. 24

0.18

AC A at M_ = i. 98

CT _____0

0.12

0. i0

0.08

0.07

0. O6

O. O6

0.07

0.07

0. O6

0. 05

0. 04

1.13

0. ii

0.09

0.08

0.07

0. O6

0. O6

0.07

0.07

0. 07

0. O6

0. O6

i.56

0. Ii

0.09

O. 08

0.07

O. 06

O. 06

O. 07

0.07

0.07

0.06

O. 06

_C A at Moo = 2. 99

CT ----_0

0.05

0.04

0.02

0.01

0

0

0.07

0. 04

0.02

0.01

0

i. 65

0.05

0. 04

0.02

0.01

0

0

0.02

0.01

0

0

0

2.30

0.05

0.04

0.02

0.01

0

0

0.02

0.01

0

0

0

i. 96

0.23

0.22

0.21

0.23

0.26

0.26

O. 30

0.24

0.18

2.00

0. i0

O. 09

0.08

0.07

0.06

O. 06

0.07

0.07

0.07

O. 06

O. 06

2. 94

0.05

O. 04

0.02

0.01

0

0

0.02

0.01

0

0

0
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PRESSURE DATA

A small percentage of the pressure data taken during the tests is

presented in plotted form in Appendix A. These plots show the conditions

at which the jet impinges onthe command module. It is obvious that suffi-

cient data were not obtained to precisely define maximum impingement

pressures along the windward ray at all applicable Mach numbers, angles

of attack, and thrust levels. This is because the test program was designed

primarily to obtain force and stability data. The remainder of the pressure

data is presented in the tabulated form, only, in Appendix B.

SCHLIEREN PHO TOGRAPHS

Figures 15 through Z0 are selected Schlieren photographs taken during

the test. Because of the window brace which always obliterates an impor-

tant part of the flow field, the photographs are not as useful as desirable.

The photographs at i. 48 Mach number indicate an undesirable flow condition

aft of the model which probably contributed to the sting effects.

DATA REDUC TION

The AEDC data reduction program was set up to provide aerodynamic

force and moment coefficient data about the command module apex and about

a stability axis (reference CG location) for the total LEV. Component force

and moment coefficients were computed about the command module apex

only. Center of pressure distance from the CM apex were reduced to the

dimensionless form Xcp/D. Lift-to-drag ratio was calculated for the LEV.

Command module surface pressures were reduced to ratio form,

P/Pp. and to coefficient form, P-P_/q_. Nozzle plenum chamber pressures

were reduced to the ratio form Pc/Pro.

DATA ACCURACY

Five factors were considered in the determination of the accuracy

of the data from this test. These were:

Model reference area and length tolerances

Dynamic pressure (ore) m_,_.ql]v_mP_¢ _oe,_=P_r
.... - ......... 7

T_. ....... _3
J-" V_ (:_U iilLJlllC:_i[ lli_a_urement accuracies

Data system accuracies

Zero shifts

33-
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The probable errors listed below were obtained by taking the root-sum-

square of the individual estimated errors.

Maximum Probable Errors

M

0.7

1.48

1.98

2.99

3.99

4.99

5.97

C A

±0.102

±0.0078

±0.0109

±0.0129

±0.0141

±0.0225

±0.0280

C N

±0.0482

±0.0077

±0.0127

±0.0161

±0.0164

±0.0225

±0.0270

Cm A

±0.0181

±0.0082

±0.0084

±0.0091

±0.0125

±0.0268

±0.0374

Cmcg

±0.0184

i0.0082

±0.0084

±0.0091

±0.0125

±0.0268

±0.0374

Cp

(percent)

±I0. 8

±1.57

±I. 85

±Z. 04

±Z. 08

±2. 05

±I. 84

- 34-
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0 M .L = 1.48, (Y = 35 , 

c T =  0 
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M x = 1.98, C y  = 25', 

c T =  0 

M rn = 1. 98, Cy = Oo, 

CT = 0 

M 00 = 1. 98, Cy = 0". 

c T =  2.00 

0 M 00 = 1.98, (Y = 25 , 

CT = 2.00 

F igure  16. Schl ieren Photographs a t  M a  = 1. 9 8  

- 36 - 
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M rfi = 1. 98, C y  = 50°, 

CT = 0 

M m = 1. 98, Q! = 50°, 

CT = 1.14 

M w = 1. 98, Cy = 5 0 0 ,  M X. = 1. 98, = 50°, 

CT = 1. 54 

Figure 16. Schlieren Photographs a t  M X  = I .  98 (Cont) 

C T  = 2.00 - - 37 - 
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M 30 = 2. 99, Cy = lo”, 

CT = 2.30 

M x = 2. 99, 

C T  = 1.65 

= 15’, 

M M = 2. 99, Q = 100, 

CT  = 2.94 

F igure  17. Schl ieren Photographs a t  M a  1 2 .  99  

- 38 - 
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co 

M 00 = 2. 99, N = 50°, 

CT = 0 CT = 1.60 

M cc = 2. 99, < I  = 50°, hl 1. = 2. 99, = .50 0 

CT = 2.27 CT = '2. 91 

F igu re  17 .  Schl ieren Photographs a t  M, = 2. 99 (Cant) 
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M r: = 3. 99, (I = 25O, 

CT = 5.14 

M cc = 3. 99, t k  = 10'. 

CT = 5.14 

M x: = 3. 99, ,i = 200, 

CT = 5. 14 

M m = 3. 99, i t  = Oo,  

CT = 5.14 

F igure  18. Schl ieren Photographs  a t  M a  = 3 .  99 

- 40 - 
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M :c = 3. 99, 1 I  = 350, 

CT = 2.94 

M % = 3. 99, (Y = 3 5 O  

CT - 5. 14 

F i g u r e  18. Schl ie ren  Photographs a t  M, = 3 .  99 (Cont) - - 41 - 
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M 3: = 4. 99, ( Y  = 35O, 

I T ’  

M z = 4. 99, fl = 35O. 

CT = 10. 71 

M x = 4. 99, (i = 35O, 

CT = 7.66 

M ‘X = 4. 99, (Y = 30°, 

CT = 13.64 

F igure  19. Schl ieren Photographs a t  M a  = 4. 99 
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CO 

M I = 5.97, cy = 150, 

c T = 10.55 

A 1  J = 5.97, A! - 7 9 ,  

C T  - 1‘1. 76 - - 43 - 
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PLOTTED DATA INDEX

LAUNCH ESCAPE VEHICLE CHARACTERISTICS

Figur e

21a

21b

21c

21d

21e

21f

21g

21h

21i

zlj

21k

22a

22b

22c

22d

22e

22f

22g

22h

22i

22j

22k

23a

23b

23c

De sc ription

C A vs a - M o = 0. 7

C N vs

CmA vs

(Xcp)N/D vs

Cmcg vs

CA1 vs

CA2 vs a

CNI vs

CN2 vs

CmA 1 vs

CmA 2 vs

C A vs _ - M o = 1.48

C N vs

CmA vs

(Xcp)N/D vs ,,

Cmcg vs _

CA1 vs _

CA2 vs (_

CNI vs a

CN2 vs a

CmA 1 vs

CmA 2 vs a

C A vs _ -

CNVS a

CmA vs

M o = I. 98

Page

A-6

A-7

A-8

A-9

A-10

A-f1

A-IZ

A-13

A-14

A-15

A-16

A-17

A-18

A-19

A-Z0

A-Z1

A-22

A-23

A-Z4

A-Z5

A-Z6

A-27

A-28

A-29

A-30

A-2
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Figure De scription

23d (Xcp)N/D vs

23e Crncg vs cr

23£ CA1 vs t_

23g CA2 vs t_

23h CNI vs tt

23i CN2 vs
23j

CrnA1 vs _
23k

CrnA2 vs

24a C A vs _ . Mo

24b CN vs
24c

Crn A vs
24d

(Xcp)N/D vs
24e

Crncg vs24£
CA! vs oL

24g
CA2 vs

24h
CN1 vs a

24i
CN2 vs ff

24j
Crn A vs

i
24k

CrnA2 vs

25a C A vs _ _ Mo
25b

C_,t vs
25c

CrnA vs
25d

(Xcp)N/D vs
25e

Crncg vs

_AI vs

25g C _ vs
Z5h

CN1 vs
25i

CN2 vs a
25j

CrnA1 vsa
25k

CrnA 2 vs

;2.99

= 3.99

Page

A-31

A-32

A-33

A-34

A-35

A-36

A-37

A-38

A-39

A-40

A.41

A-42

A-43

A-44

A-45

A-46

A-47

A-48

A-49

A-50

A-51

A-52

A-53

A-54

A-55

A-56

A-57

A-58

A-59

A-60

A-3
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Figure

26a

26b

26c

26d

26e

26f

26g

26h

26i

26j

26k

De scription

C Avs a - M o = 4. 99

C N vs a

CmA vs a

(Xcp)N/D vs a

Crncg vs a

CAI vs a

CA2 vs a

CNI vs a

CN2 vs a

CmA 1 vs a

CmA 2 vs a

Page

A-61

A-6Z

A-63

A-64

A-65

A-66

A-67

A-68

A-69

A-70

A-71

27a

27b

27c

27d

27e

27f

27g

27h

27i

27j

Z7k

C A vs a - M °

C N vs a

CmA vs a

(Xcp)N/D vs a

Cmcg vs o

CAI vs a

CA2 vs a

CN I vs a

CN2 vs a

CmAI vs a

CmAZ vs

=5.97
A-72

A-73

A-74

A-75

A-76

A-77

A-78

A-79

A-80

A-81

A-8Z

28a

28b

28c

28d

28e

28f

C A vs M o

C A vs M o

C A vs M o

C A vs M °

C A vs M °

C A vs M °

- 0 = 0 degrees

- a = I0 degrees

- a = 20 degrees

- a = 30 degrees

- a = 40 degrees

- a = 50 degrees

A-83

A-84

A-85

A-86

A-87

A-88

A-4
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Fi gur e

Z9a

Z9b

Z9c

Z9d

29e

30a

30b

30c

30d

31a

31b

31c

31d

3Za

3Zb

3Zc

3Zd

33

34

35

36

37

38

39

4O

De scription

CP33 vsm - Mo = 0.7

CP33 vsa Mo = 1.48

CP33 vs a - M o = 1.98

vsa - Mo = Z. 99
CP33

vsa - Mo = 3.99
CP33

Cp23 vs a Mo = 1.48

CpZ 3 vsa - Mo = 1.98

CpZ 3 vsa - Mo = 2.99

Gpz 3 vsa - Mo = 3.99

CPl 5 vslX - Mo = 1.48

vsa - Mo = 1.98
CPl5

vsa - Mo = Z. 99
CP15

vse - Mo = 3.99
CP15

CP7 vs a - Mo = 1.48

CP7 vs a - Mo = 1.98

CP7 vs a - Mo = Z. 99

CP7 vs-a - Mo = 3.99

Cp vs S/r at M o = 1.98,

Cp vs S/r at M o = 1.98,

Cpvs S/r arm o = 1.98, a

Cp vs Sir at M o = 1.98, a

Cp vs S/r atM o = 1.98, a

Cp vs S/r arm o = 1.98, a

Cp vs S/r at M o = 1.98, a

Cpvs S/r arm o = 1.98, a

= 0 degrees

= 5 degrees

= 10 degrees

= 15 degrees

= Z0 degrees

= 30 degrees

= 40 degrees

= 50 degrees

Page

A-g9

A-90

A-91

A-9Z

A-93

A-94

A-95

A-96

A-97

A-98

A-99

A-100

A-101

A-102

A-103

A-104

A-105

A-106

A-IIZ

A-If8

A-IZ4

A-130

A-136

A-14Z

A-148

A-5

SID 63-1460



NORTH AMERICAN

LJ IL_UI_I'-ILJLil i an_ I

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-6

SID 63-1460

pr_LI nnEMTIA/
.L- L ...... ''/IrU.



NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

', ', ', ::::

-++-H+H-

iii;i;i

,H-++

+-i-i- -_-H-

_l-P -H-H-
+++- +++-,-

_H_ _+_

+-H444 + _ 1444.
++-_++; ,44444-

........ "Hii H
iiillliiiiiill.... ii iii_

ii i,:ti_:_ill
2_ _.

iiii[i!!!!'!',l_ !', i!!!_T_ii!

A-7

SID 63- 1460



NORTH AMERICAN AVIATION, INC. '_i_, SPA(.'Eand
INFORMATION 5YSTEXIS DIV1SIO._

• /
/'_/'_ & I I"1 I1_ IP "='F= =_

_./111 i1./1..111 I irlL

+_-_

_F

i
;L:

!,

,i

i72

:IL
;it

5+
K:

;12

_:_

;Ja

?L:

!;[
j.f

.2

-;4

itf

;a

IA

It

lH

Iii

;+i

Ht
IIl

7t!

÷++-

_uf

÷_

tF

li!
ttt

_
r't

i _

i

"!i

÷_-4-

,+,

_F

+÷ _

t_ I_

i_ii!i

;11

i_;ipit:; i

T:tj_t_

1

N

_titilt

;_ _!i

Ilit f_lililit

A-8

SID 63-1460

I



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-9

SID 63-1460



NORTH AMERICAN

... nn_._ .=_J_l=rlltl "-
_- vv . . . • a.w w,..11_-Ill ih

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-10

SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACE and INFOBI_ATION SYSTEMS DIVISION

]iii i

+.;-Hd_

'411 l',i

iTiljiii i i,mnl!!!!!i!-

_i_ iiiiiiiii ;i;;;:::;-_:ili!il :!11111',',_

!,, .,.U,_ " t fFH JII ',
!!!!!iii iiiii7iii iiiiiiiii

_++++++_

_4:_ c ..................

;i-i_iii!i iiiiii',ii: iiiiiiiii
_!!ii iiiiiliii iiiiiiii!
-i!i!!!!! iiiiii!r! _!!i!ir'i

iiiii!!l _ rr4zr__i_i..

i<ii!!!!ii i _ifiiiiii

;i;iiilli,,,,,_,cHil;!H',:',li:ll iii'iiiii

llllii'; [!!?_q_!...... I_ -H-P,IIIi

_:_ _++++++-_,Emiiii
+t+H-ll::ilili::i_iiilll ;_i ILii
,'!!!!!i!!!!!!!!!!!!!!l!!!iJ!J!iJ

.............. LI] .LL_

_iiii',iiiiilJiii__+_"':::_:_::"""::='!!! i! ,,;,,,iii!i.....IliilSI41 _ '_.,,.4.1;i,i_:____,,....,.,,,,.,._; _ _ii:1!!!!!! t!!!!!!!!!!!!
, ÷ _ _ • rl]lTlli-_

......... ,, m_rr .._t _-_u:...<....l!!iiiii!!iiiiiiiiii.:iiili, ........_41111ii'_iiiiilii11 til :,, iiiilrt 1,_J_-wt_

.--'lijjlllJlliilJll_i!!iiij_j;" ,,'""'"'"<'"............. _'""'_' ,,.;__ 7_ __;_iiiHiiiiiiiiiiiiii::ii_,iiiill _!,.
:lfilt',llllilliliil'<lilli:i II _,.,._ !!++j!!!!!!l,!! _ ...................................

_iilliii!Jiiii44444-_mh_ _ _ _P+_t,_ _+_++++_ +_-u-+_-_....................................
........................ " ii '" _'"'"" _ _', I' ',',L"m_!!!!!!!!j!!!!!':!!!!iiiiiiiiill_iiiiiii!i!!!!!!!iiiifiiiii ill il ' ................ ÷,Tr _11t,1' ''.... ' ' ' ' ' ' ' ' ' _ ....... _ i! :++'_.,,,_'"*ii r!-,rt___"'"_ iiiiiiiiiiiii_,iiiiiii',iiiiiiiiiiiiii

A-If

SID 63-1460



NORTH AMERICAN

t_l_/1111 T1_I_1'I 1 l/'l/

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-I2

SID 63-1460



NORTH AMERICAN AVIATION, INC. (_ SPACEsnd INFORMATION SYSTEMS DIVISION

A-13
--_^lJ ri I_ r|l?l - I

T_/l_llll lllrl;TlrTII Ill

SID 63-1460



NORTH AMERICAN AVIATION, INC. /(_! SPACEand INFORMATION SYSTEMS DIVISION

A-14

SID 63-1460



NORTH AMERICAN AVIATION, INC. , I SPACEand INFORI%,IATION SYSTEMS DIVISION
- /

+' : iilli_ll;iiii[iilili[Ili[l_lii[l:':l bP'f_ ........ H-t f H-I+I+t--L+HH_ ,l,llm+H_-_HfrH-_
II II', I ',II I I; ',I ',',I ',II -H : PrbH H JQH _ _ =H-_ _ lq44444q_ +lqq44_H-.144_4_L_.I44_L :_r_ TFq

  :i:}   !iiiiiiiiiiiiiiiiiiiiii_filI!!!lllillIllllI!lllIt,,

_;_iiiiiiiiiiiiiiiiiiiiiiiii_
_7_2.D_'¢'NililtlliiiiiiillJllJill

SID 63-1460



NORTH AMERICAN AVIATION, INC.

-- I A i! Ii_ ! i1_ i1,- i Ji ,,!,- JM

,'_-/1

--;!

t. !'

h!;

;I'T

i:2:1

[!!

r!r

Ft'_

!!;:

r--*

p-+_

'_'tT

:L:

*+H

HHH,+

li!?

::: ::

q;t f]

:: ;:

:i i)

ii :i

_::iil!;:I

.: i:::

....i:

riil

*._!_

i*, _

_l_! ') SPACE and INF'ORMATION SYS'FE,_IS DIVISION

A-16

SID 63-1460



NORTH AMERICAN AVIATION, INC. 8PACE imd INFORMATION SYSTEMS DIVISION

A- 17

SID 63-1460



NORTH AMERICAN AVIATION, INC.

A-18

SPACE and INFORMATION SYSTEMS DIVISION

f_

if! .....

!i; ,:i;i

M

}i) ii:::_

= _*ti
.. _1t11;2

+* +

:;, :_]iiiJ

*If :_lltti

+_

_+_
4_ **tv*++

..... _

_?tt_7

SID 63-1460



./k

NORTH AMERICAN AVIATION, INC. _'
T':

- //

COl: ;:_,--" T" -"6111 IrlL

SPACE and INFORMATION SYS'FEMS I)IVISION

A-19

SID 63-1460



NORTH AMERICAN

"_BC'Jllr_il]_rl_-li,/I--I 1 I I_ L

AVIATION, INC.

A-Z0

SPACE and INFORMATION SYSTEMS DIVISION

SID 63- 1460



/' '/ L

NORTH AMERICAN AVIATION, INC. SPACEand INFORMATION SYSTEMS DIVISION

"';'1

SID 63-1460



NORTH AMERICAN AVIATION, INC. 8PACE and INFORMATION SYSTEM8 DIVISION

A-22

. ^_',_'_rLITIA/

SID 63- 1460



NORTH AMERICAN AVIATION, INC.

/

SPACE anti INFORMATION SYSTEMS DIVISION

SID 63- 1460



NORTH AMERICAN AVIATION, INC. SPACEand INFORMATION SYSTEMS DIVISION

ii • || = ! jl |11_

I:III

_iiii
,iii
!!II

_4
_++-H

-H+t

-+÷t _--_++
t-tt t
44_'

ttu
-+,++

J:ii

:!ti

2:;i

4! Li

LiM

51 ra

::r!
.r:;;

!h

÷÷,+
+_

++v÷

:I:;

li!;

i!II
LL,

Htl

HH_

iiiii

trt

'i

i ii_:

;i

_i ili?F

!,i'i
i!:i_
V-

lli+
!:!/:
!i i:;

! ,

l iCSN "PH-+',-# + : _._
sH-+H +-v+

+H+_ ++-
+ +_ ._

.... :L-i:il

:H!L i_

..... !;1

_i':!: !ii

:i_+t,ii_

tttl _'

L: L

h:i _:)

{{{! :_
::::" :i_
; iiii!;_i

lit _!.4.!
17 {:ilia[

lit!fIN!
I:', :ft7

'.L:'TVi

! i i_ll

l_:iitLi!i
Ni_i!:i:
li:;tt_::!
i:;jH*:i;
H _ti!rl

,;ilE_:

'/i?t :i

IL,I::;
, X4.:;-

+'9 _"

|i_t!tlI!
.111lliiii
f!iHttH-

A-Z4

SI13 63-1-t60



COl
NORTH AMERICAN AVIATION, INC. _x_) _ SPACE _d lNFORMATION SYSTEMS DIVISION

• 4IA-25

SID 63-1460



NORTH AMERICAN AVIATION, INC.

Uill ',',',r,',::i_HL_i,_ili_ _ i',

-t 4,

.., ,,, .......fl.......i?tq,
/ _ /i--_--v_-Tr- _: : L_.: : ;_;r : !

_i i!::Fii?!?::2:_i_iii)

I

_:::'i:: :!:::J : "::: I:-!!! : Ii2_ i!i

ii:_t!: [:i_:.:t[i! Ci![i!ili_!!!:

"I""" :it

:,+i-fi_r.m.-,r_if+_:_ :_i , ,:-i-:,ti

:!_: ]

:;;:;l::;;I:::: ::"..

, , _: F_-_ -¸
.... _t !iilH, I,+

'_; :,'_ . _ F _ . ,
[!!!,I,, ;It _f_]t_l,,'

,,i- t,!_ t,,. ,.1[ *[..itt_i, tt_:!_ti::,f!a

:_uiui,li;i_+tfi:
_iiiiiiiu,.t_,_
_ ii;,lU4:i,+_:
i:_flm :

ii_iiJiJJ

tfttt-rt!

iiii_hii

:i_ ii!:1

....... i

i!!!::Til

ii:ii:iil

;i :!!

;_ :i}i:i

;:i? !!ii

I[!;H,II

i i l!i;i

I!:!!!:!_,
tHtt÷Hl

_i;_ihi-;i

:__:_
_i?-t

"_ ±:i

!:II LL! .... _..,.

2.rr I. t +_

!i,!I :_'I .... ' ....

!hi1 :'!! !i;:ti!f:

_i!il"':ii! L'.L-_{

:!::] T:: :':._;::

' I " --:-- "

:a-f,!::i!!i-
t;.:t:::: :; ,i.:

[!!:! !:!

l_hil::i

"*' [!t:

÷_ .-.. -p.÷

;. ,h+::l;lltl :

:i;!!
i!!i!_ili.........

ii_it'::'_;;tii!it*;t

_;. ili ii!!_il" ,!;_ :t2
ilH_F,_I!Ii !!

:::-*" If!i! ::iit?I! ',ii: ti',i
i:!! !!! li!::!:N

rtr Ii::. : :

:tit .,+

tr'4
H

fF,.
t_:',7
'fi!l

_ r

2 F:
:+L

l;t

}::
:L'

:i!

:i)

: H
!i

":r

LI:

?::_ili
:!i}:!i!

:2":

i:] _

I

t ,-
t_I2

lit1

A-Z6

SPA('E and INF()It.NIATION SY_TENIS I)I%'ISIO.N,/

SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACEand INFORMATION SYSTEMS DIVISION

...:,.i,, A- 2 7

SID 63- 1460



NORTH AMERICAN AVIATION, INC. 8PACK _ INFO_"E[0N SYSTEMS DIVISION

A-28

SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-Z9

SID 63-1460



NORTH AMERICAN

:: iiiiiiii

_+ _+
++ ++-_++

r_ f_t_ TTT

L: ! _'f:' 5: r

i:k ....

t]

_T

'" 1t

H _

L_

tg

:; _IIILIE_

AVIATION, INC.

A-30

'I SPAC.Eand INFORMATION SYSTEMS DIVISION

SID 63-1460



NORTH AMERICAN AVIATION, INC.

,/

/

SPACE and INFORMATION SYSTEMS DIVISION

*¢ ii _ .

A-31

SID 63-1460



NORTH AMERICAN

_ A_. .... J_l.el=&ll.|_ ..
-- 1L/IJII1 "IlL/LIt ! ln'll_ ",_-_

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-32

SID 63- 1460



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

,m -,,,no, A- 33

SID 63-1460



NORTH AMERICAN

'qlJ,,,,qw'_Juinn nuko'nT1rT lar_n_,,,

AVIATION, INC. 8PACB _ INFORMATION SYSTEM8 DIVIBION

A-34

SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-35

SID 63-1460



NORTH AMERICAN

Wll I IL/El_l";hnC " ,,'F

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-36

SID 63- 1460



NORTH AMERICAN AVIATION, INC. SPACEand INFORMATION SY_TI<NI_ DIV|_IO._

A-37 .... --I II Illi I '111'1 I I i

_/Ulll llt.Flill I II liD-

I
SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACEIand INFORMATION SYSTEMS DIVISION

A-38

SID 63-1460

-$0¢¢_I_I_.TIAL



NORTH AMERICAN AVIATION, INC.

X

SPACE and INFORMATION SYSTEMS DIVISION

iii ii!!!!!!!!iii
III l[ill;llllll:

iiiiiiiiii
Ii IIIIiii II_

ii i!iii_ ii;
i! !iiiiii !!!

.... ; [ T [] [m_[r_[ 1 [ , _ ........ _ _ _ _ _ ............

_|]IIII_ ! III]I[II III lllll III[ IIII! ,T_r,_ llllll [11 II II _ i
_%11111[II III IIIII,, tlH- IIIII ,"_'_IIII III lllllllllllllI[llll IIIIIIII III't _......... ! 'IIIII! ...... I

i Ill II H .... !!!!!II ......... IIIII ,IIIIII_ _ .............

I'HeH4ff-HH%H44 kll fill 4_4_-_" _ _ H44qlllll llllllq lllllillllllll_llll

¢llllll IIIIII ,,lll_l] III[I II : b'?'_.

: '" ii ...............- iiii ]III ...... I :

....... ,, I;I: ii It _................................. :
II [IIIII[ IIII ...... ,,, _........... III;I IIIII II IIi IIIIIIIIIIIII I

m---]_:l:_ :_I_I,._I! II: :[:I_ I]II _:+]l[J [ ! :iiiii iiii_ ii ;If:l;::::: [I

A-39
_Itl Ill. I I I/_L ]

SID 63-1460



NORTH AMERICAN

_ /'t/"_, &n .1'__ILII'_LI" Ik I "1'_I A I ....
-- VVIla ll,.1'1,.!1 I I/"tL

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-40

SID 63-1460

_ CC:___pnc':_AL.__. _



NORTH AMERICAN AVIATION, INC. SPACEand INFORMATION SYSTEMS DIVISION

t

I_i_-l_ LEL_;IIIJTTT!T_n__TT_rrlF_:]Z_ -T }l._[!!ll!i!l!!!!}_ I hi/hlil!ll_l:,lllllll_i,ii,iiiiiiiiiiiiiiiiMl-r _#H-_-_ I',:I:I',t',::',III'.I',I',I _+b_i-L-_4_I-÷,, ,_:, I _:!_',1','.'.III',T, !I!Ill' _H _! I._lq bHd VI-VI_H-I I_IIIII',III',II!IIIIIII l-i-;l I ; I I rl l I lli4,LtI
I I iii i II Ill[ IT FF2_[ li_] TT"RF_I IIITTIT_TI!TIT T_ ]7 7 I ! [ ! i ! [ _1 [ i _ I I_!IL]I:i: :i I!_ll!_ rl!l _m_l!_lJnllt_tl_l!l_[i_liii

_qq ,TT
I:J_z f_Lt _ 4_ ',i ',II',', ',',',',lit ÷itI_t:_H-_bH#4+/H-H4-_H H- ',I II',', ',lill',l]i', II',H-PH+t H H-f_r',',l',ll', ',',',I ',',',',',',l ',;l ',',I I ',i l ',',l l ',',l -"

_:Izt_ :,_ Ill', ',I ',II',I il',',ll',', _ 'fHtPH+-H,I',IIIilIIII] ill', I', ',l II',', II-_+I',',III IIIIIIi',',I H t+t'_Li',l',',', ', ',',',', ',',ll<,l',llll',lllll',',lll',ll

_ _4 _ll/ II I1111 I111 ,l' " H _ Jill ill.ll,ll, li ill,ll, I,11, ill, I,lllt ,,llllltl llllllt I I.I+m+-_++ = _-m_ H++',',i',li',',¢,+!!,,_,_H_,_Ibk_L_,,,,m,ff_ ,. ,++_,,m,,+ff,,,,,i ltlliii',',', ',', ',','.',_:llli',i',',i ',',',u,u,lli',illi',li',i',ilii
i I',',', i', ',',',[', ',I',;III', ',',',', I', ....... +iii_¢_¢ ........... '"' II/ff-I+it+f_-H-+l ',',',',"',[',',I', ',',',', ',',l',',',',lll',',;ll',ll',l',l',',l_ -i] ............ _ ......... ',,H.mU_ - H_-_ 'LP ++ -ft+_'LH-_l!!P't-................ _ ............ t......................

+Hff H .!-÷i', ',I l'._i', ',,:',i',',', ',H-p+FHI-H.+4-_;H-!+H4+H_H ',, it I','.', lli',i-H+H-,_H,i_f+H/-f-f_ lllIllil',',;', ',',i', ',',ilH',',',l',II',',',li',l',il',:
l-H+4+ -I#_ -H .ti_ i', fill', lill',ii', ',',If_l_11t-H-H-,-t4bH+fltlllli IIII II ,I IIIi iiiii:i_t:Id:i::i:_ #.2-}£t_l-,_H+i-H-H--H_l-tltlll',',',',',lillilll:

-t-P . , R,: I', llill llllli',l Ittli ...... 'CH-i _H-I-bH+H+H-H-I-_ H- .............. II1t-II', ,, lli',lll<<llll llll HHIIIIIIIIIIIIIIIIIIIII...... ff p .......................................................... _-_ ............................................................

A-41

1t
SID 63- 1460



NORTH AMERICAN AVIATION, INC.

_ J_IL 4AE IE I P a m_ I1_ Li f I- A I

"--'_F'q¢r'l_c"f't,wt-i • I In L

SPACE and INFORMATION SYSTEMS DIVISION

A-4Z

SID 63- 1460



NORTH AMERICAN

C0Nf, II  

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

o

•_ ". A-43 ^^""IP" ......
VVI |I-:_ 1--I llnU_

SID 63-1460



NORTH AMERICAN

_r..l'_54p'w_Lil am| ar_ pal L'l_| • L

-i_l_l,_q_ ""'-

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-44

SID 63-1460

_vla| ii.f w..|. u if tL



NORTH AMERICAN AVIATION, INC. SPACE arid INFORMATION SYSTEMS DIVISION

A-45

SID 63- 1460



NORTH AMERICAN

_k,,_..J*. L ¢=_'=JIJL%.J_ JLL._E'JI i_

'P'"l_'tJr -- TTr'_n_-

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-46

SID 63-1460



NORTH AMERICAN AVIATION, INC. _.._ SPACEa,nd INFORMATION SYSTEMS DIVISION

+-'PP+'t+H-H

F +-.,PPt-l-+.,_

+,lJl,,,+l

!!!!!!!!!! ;il;_ii
,,b_,,T!!!!! ii!!!!_
i1111dlt_
[}l[llllll tt_tt_

H4+PP-I+_

r_rttI111 _
!i!!!t!!!t

liiit!tl;; iiili!!-rT[[[rll+r .....
J111111_ll J!J!iiJ
....... d,+

!iiii!_!!! !!!!!!!!
-_+++-_-_. +_-_+H-+

÷-,-.,-_ +4+

!Ttt_
_-iiiiii;i i::::i[l::::
_1fil-r111-_ 1fllll-PH-

t!P!!t!!t !!l!!![!
iiiiii_!+ iiii_ii;
!i!ii!i!! i ''''+_'::,,,,,

_!!!i ii!iiiii
44_iiiii !!iiiiii
iiiiiiiii iiiiiiii
[iiiiii_- ;_;

++-H+_

iiiiiiii+ ii[iiii+
iii!iiiii ii._
+iii+ii!! i::::_it.
ii_il;;i; iiiiiiil

.A-47

SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACEand INFORMATION SYSTEMS DIV1SION

I

A-48

SID 63-1460

_L



NORTH AMERICAN AVIATION, INC. :'_) SPA(PE and lNI_ORMATION SYSTEMS DIVISION

_ 4_ • +_ Ill 144_

,GiJ!i_ _ _ _i,_ ........ Ii',ii '<i',', iiii ,,,,,, ,,,,,,,,,,,,,,111111111111111ii[l iiiiii, ,lliillll illl ii', ........ Jill ill,, ..... iii[ ....

tbH4

A-49

SID 63-1460



NORTH AMERICAN

AA ............

• '__Uullr IULl • • _nL

AVIATION, INC. 8PACE and INFORMATION SYSTEM8 DIVISION

A-50

SID 63-1460



NORTH AMERICAN

COP -

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

_,:T|TIIT
-'IIIIIII

iiiiiiii

Jlllll,_r,l'' I _ ,_HffH ....................... I1 _ ......
_iiiiiiiiiiiiiii_l__l

IIIIlll_llllllllll_lNIIIIIIIIINIkl_lllllTl_........... fill .................................. tl .........
__iiiiiiiiiiii!iiiiiiiiiiiliiiii__
I+FH-N+tlIIlILI:IlllIIIlllI:FIIlitH-_I-I-t+tl_
K _ nlll_t,lrln;E,J,*, ,........... III................. ii ................. I,Ill:llll::
_III[III[IltlI+_H-_-I-H+H-H+FHt_IIIIIIIlIIIIIII
ll[I[llllll ..... 1111|IIIIIIII"II ............. 1...............
u, ........ IIIII .... ,,,, ..... I1,,IIIIIIIIIIIII,II I
glIIIIlIIlllIIIIII[[[IIIIII:IIIlIlIIIIIIIIIIIHI IIIIIIIIIIIII
i lllllili 'illlllLllltlllll_llllllllllllllll

tH+H+H-_ItlIIIIIIII[IIIIIIIIIIII[III[IIIIIIII
• n , _ ,

i!![[[_ii__c_lllll''l''' I_lllll],LUllllll JJ:lll,_ll,l_ll_ll

_,,,,IIII:IF__!!H_III[IIIIIIIIII [ [I

ii!iiiiiiiiiiiiiiiiiiiiiil;iiii_.iiiii[_i!!:_[}i[}[iiiiiiiiiiiiiiii_}i
IIIIIIIIIlIIIHIIIlIIIIlll ........ ' ......................................

!iii!iiiiiii:;:_::'""'il:"iiiiiiiiiiiiiii[i!!! _ _
, llll_l*l_J_ll_'l''ll''l''lll['' .... IIlill_l[llll_llllll'''

A-51

S!D 63-1460



NORTH AMERICAN AVIATION, INC. '

_IF_IL I
_F-_* v,_, im 111-/EI1 I I

SPACE and INFORMATION SYSTEMS DIVISION

A-52

SID 63-1460



NORTH AMERICAN

CO_,,;,.N-.,,.,__-
AVIATION, INC. SPACE and INFOI_iMATION SYSTEMS DIVISION

A-53

SID 63- 1460



NORTH AMERICAN AVIATION, INC.

"I./%,/IlI lULl1 I IP_L

SPACE and INFORMATION SYSTEMS DIVISION

A-54
...... _rs, T, Ai

- _./_.ii'_r_-.u.w.... I I .rSli.

SID 63- 1460



NORTH AMERICAN AVIATION, INC. ({

\

SPACE and INFORMATION SYSTEMS DIVISION

• . . q

!

r

I

A-55

SID 63-1460



NORTH AMERICAN

dP_ Is _a IF_I_-iIJI_JLLI ....

--_/111 IUIrll I lnL -

AVIATION, INC.

iiiii_iiii
ii[;iiiiii

ii_iiii!,'_
llllllIl_l:

iilNii--
Hlll_l,,i

NN

N
H-+++++++++

N
NNN
_+1-++++++-_

-N
+++++-H-.t.-_

++1-+++.._._
+44+.H.-,,-_--_
++-H-+-I-I-H-_

++t-++++++_

4++-++++++_
++t-++++++_

4-+1"+++++++-

:::::::::

i_iiiiiii
p::Ifilff
[z,,L[l[i

!!!!!!!!t
,,,,,,,,,

::::::

!!!!!!!!!
!!iiiiiii
!!!!!!!!!

',',: ', ',:

!':2!i
, ,_ll ]
i iv_,,

!!ii!!
I_:III

i_.'ii
_g'll

_N

.+++++t

-+++++t

N

_+++_

i-++++_
i-++++_

_-+++++

_-++++e-

H-++++

+++++_-

++++++
+4-+++-*-

++4.-I-++

++++++

++++++

++_

444+_
++++++
++++++

++++-_

+++++-_

++++-_

-++++4-_

:ttt_

l:lll_:

:::1:::
_+÷_

',llIlll
!!!!iii
iiiii!!

A-56

SPACE and INFORMATION SYSTEMS DIVISION

SID 63- 1460

..... _r.,_,Ai
- _/111 I11_I.1111111.



NORTH AMERICAN AVIATION. INC. <_ SPACEImd INFORMATION SYSTEMS DIVISION

ll[[11[liilj iiiiiiiiiliiiiiiiiiiiil+ttliiiiiiiiiiiii .................. :::::::::::::::::::::::::::::::::::::

¢_ll1_illllJllJ .... I ........... +.................................................. ll_ill[_l_l_.qlllltll:_It_:¢..... ,,, ...... :_:1_N4_::t_t_t_i_'._.._t_1_1':_:_|t_H_1_|_:_:: _ ............................

__ |1!!!!!!!!!!!!!!!!!!!!!!!!{!!!i!!!!!!!!:I_ _iiii+ii+ilt!!!!!!!!{i!!!!!!!![!!!!!!!!!!!!!!!!!!!+!!!+!!!!!!! ! !!!!!!!!!!!!!!!!!!!!!!!!_
........ ii_iiii ................................................................................................................ :::::::::::::::::::::::::::::::::::::
_!!!!!il iiiiiiiiiil]iiiiiiiiiiiiiill iii[iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiill i,.l,_+_:::_:=:_::l_::_::l_._::i_

_m__t_t___!__t_iiii_!t_!!_!_!!!__
............,_, _ ........_11_...........:IIII I.........................,_,,,...............,,,,,,i ......................................

== =:      +'   iiiiii{iiii{iiii{ii{iii ! i    iiiiiiii1iii iiiiiiti iiiiii!!!!+!! i iiiiiiiiiiiiiii{iiiiiii+iii!!iiiiiii{+++iii+

A-57

SID 63- 1460



NORTH AMERICAN

IJ..v,_|-,HJLII ! Int.

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-58

SID 63-1460



iii
+II

444

A-59

SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-60

SID 63- 1460

_"_J r_I:IMTIA/
r _VIII IIl_l==,ll-_:w lit1 L-



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-61

SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-6Z

SID 63-1460



NORTH AMERICAN

'}l_trit_ r|lTI AlL ,f.

AVIATION, INC.
/ _ • \\

SPACE and INFORMATION SYSTEMS DIVISION

A-63

SID 63-1460



NORTH AMERICAN

_ l_,,,_,tlll II./LIII ,_

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-64

SID 63-1460

" ImF BENTIAL



NORTH AMERICAN AVIATION, INC.

COILC;.,7;;T;;,L

/

/ f -_\

f " .
SPACE and INFORMATION SYSTEMS DIVISION

A-65

SID 63-1460



NORTH AMERICAN

am.-_ r_ ILl r" I I_ r" ILl_'£1-J_
' 1_tjill ILJLII I Ir_L

AVIATION, INC. 8PACE and INFORMATION SY8TEM8 DIVISION

A-66

SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACE _ 1NFORMATION SYSTEMS DIVISION

gi!!!!i;ii;iiii!!!!_!!i!i:i!_!!!i!!i!iii!!!!!_ tl _ :__ i_iiiiiiiii!!!!!!!!!_!!!!iiiiiiiiiiiii__iiiiiiiiiiiiiiiiiii21-111111111-

_]__I__!_j__!{!_I_!__I___:_I_::

_ItllIlllllllllllllll}ll[ll]IIllll]lllIlllllllllllIll....._, _`_i_:_I_I_tI_I_I_I_I_I_I_I_I_II_
_IIIIIIIIIIII!4444-H-IIIIIIIIIIIIIIIIIIIIIIIIIIIIII_H _ III.....I_IIII_IIIII_IIIIII_IIIIIIIIII_IIII_IIIII_IIII_I_III_IIIIIIIIIIIIIIIIIIIII_I_I_IIIIIIII::

_I_I._IiIIIIII_II_III_I_!1!I_!_III_II!III:::_::::_:_:_:_:_:::::::_:::::I_IIIIII_I_III_I_IIIIIII_I_III_IIIII_I!iI_II_II_IIII_II_I_I!i_ii_I_Ii_iE.............1.....................................I .....IIIIII...............................................,,,,,,,,,,,........................
...................................................._..................III[l.....................................................................................I*.-

Niiiiiiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiiiiiliiii!!i! _IIi_I_IIIIII_IiIIII_I_I_iII_II_III_1_IIIIIi_II_I_I_IiI!_ii_iiiiiIi:iiE
...... i,,Iillll..................lil,I............. "I,,,,,,'"'"IIIIIIllIIIIIIIIIIlIIIIIIIIIIIIiIIIIII..................... IIIIIIIIIIIIIII_IIIIIIIIIIIII::

=lliIIIIIiIiIiiIiiiiIiiiIIiiiiIiiiiIIilIIIiIIIiI,,,,,,.......,,,,.....................IIIIIIII_III_1IIIIIIIIIII_III_IIIIII1IIIIII1_IIIIIIIII_IIIIIIIIIII_I_IIIIIII:=

A-67

SID 63- 1460



NORTH AMERICAN

_TtAL - -_

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-68

SID 63-1460



NORTH AMERICAN AVIATION, INC. _...._ SPACEitnd ItNPORMATION SYSTEMS DIVISION

A-69

SID 63- 1460



NORTH AMERICAN AVIATION, INC. SPACEand INFORMATION SYSTEMS DIVISION

_lt, t_r'! • at_

--- VVlll lllJ lilll i I If !11_

A-70

SID 63- 1460



NORTH AMERICAN AVIATION, INC.

J

SPACE and INFORMATION SYSTEMS DIVISION

!!!i',iiii ii!!i!!! ,,_:r

qt_rl'_rl" !!!!!!}! ;iiiiP'1_-_-t:t

:_'bi¢I:_! !d!,,11tr: P _I _ !TG

-H

.... _i i_l_++++++T_,, ,, ....

:7,-....

:-L14_11
_It_

-+gL4444
. +-p-++_

11 rttl t

_-_._++
tllff

4444-

!!,,
IIII
IIII
III[
iiii
IIII

A-71

SID 63-1460



NORTH AMERICAN

_B_.i..LJm- i r_ r i I TI i I
_.1 • .._b.- - ---.--IBm. '..,

"--'_V I ! I liJbll I I. l_

AVIATION, INC. 8PACE and INFORMATION SYSTEM8 DIVISION

A-72

SID 63-1460

,00 ,  N:4AL



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-73

SID 63-1460



NORTH AMERICAN

lilll IlJl_ll ! IIF! IL "'--_'P

AVIATION, INC.
i/¸ / _ ,\_

SPACE and INFORMATION SYSTEMS DIVISION

A-74

SID 63- 1460

. ^_Iir,_-.,T,A/
_.iv, ,h,.Gl..ll I ,IlL



NORTH AMERICAN

Cp .... _r=,_A_!
I_111111 II,/I..11 I tl _-

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION



NORTH AMERICAN

..._r_ ii r I _J_&ITI jILL__
-- VVIII IlklLIlt IWl L r

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

A-76 4 k  : mAL

SID 63-1460



NORTH AMERICAN

C_ ......

AVIATION, INC. gPACK and INFORMATION SYSTEM8 DIVIgION

A-77 HH

wit 'lrll Irai,rima 1i I II_Ii_HL-

SID 63-1460



NORTH AMERICAN

_CNF;D[NT:A_.....

AVIATION, INC. 8PACK _ INFORIgLATION 8YSTRIgl8 DZVIBION

A-78

SID 63- 1460

--_ ¢_ kl E'!_ ---'---_'; .._/
_,,.,, .,_._,-_..11 I i,|L



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

IIIIIII=IIIIIIIIIIIIII_

IIIIIIIIII:iIIIIIIIIII_
IIIIIIIIIIIiIIIIIIIIII_

IIIIIIIIiIIIIIIIIIIIII_

ii iiiiiiiiiiiiiiiiiii
IllllIllllll:lllI:lll:l

IIIIIIIIIIIiliiiiiiiiiI
IIIIIIIIIIIIIIIIIIIIII_

IIIIIIIIIIIIIIIIIIIIII=

IIIIIIIIIIII:IIIIIIIII_
_llll111111111111IIII:_

A-79
_ A ii i iiiii iiii_ Ii i i iIiil| --_

SID 63-1460



NORTH AMERICAN

_VIII ilJl--I_ I lilt.

AVIATION, INC. SPACE lurid INFORMATION SYSTEMS DIVISION

A-80 ___^-,,', _ I'MTIJ /
_vlll lllflri.w w • ...JL-

SID 63- 1460



/, . _

NORTH AMERICAN AVIATION, INC. "/_/_\t

'_!'_ SPACE and INFORMATION SYSTEMS DIVISION

_rr
_IIII:!!!!!!!
_iiiiii!!iiii
_iiiiiiiii il

A-81

SID 63-1460



NORTH AMERICAN AVIATION, INC.

,.__f_r_ki r_C-_LtTI,&IL .,,
_vllw j e i,.11 ! Inl[.

SPACE and INFORMATION SYSTEMS DIVISION

A-82

SID 63-1460



NORTH AMERICAN AVIATION, INC. 8PACR and INI_ORldATION ffm/_TEM8 DIVIfilON

A-83

SID 63-1460



NORTH AMERICAN AVIATION, INC. 8PACI_ and INFORMATION SYSTEM8 DIVISION

A-84

r,J%L.", _ ""TIP /

SID 63- 1460



NORTH AMERICAN AVIATION, INC. 8PACB and INFORMATION _fl_rEM8 DIVISION

A-85

SID 63-1460



NORTH AMERICAN

..... ;,, ..
-- ____,wI 11,/[.11

AVIATION. INC. 8PACK and INFORMATION 8YSTKM8 DIVISION

A-86

SID 63-1460



NORTH AMERICAN AVIATION, INC. 8PACE and INFORMATION SYSTEM8 DIVISION

A-87

----"_r| rI['MTI a _

w_www w_Wl • ww1_

SID 63-1460



NORTH AMERICAN

i_il rl ril'ilTJJi I
___...TvVl ILJGI1 I lit __-

AVIATION, INC. 8PACB lad INFORMATION SYSTEM8 DIVISION

A-88

SID 63-1460



pOIlU4 M-|I3-NI- (IIIV. |-II)



I1011111ll-II'l-MI- (III[Vo l-ll)

PIII[PANI[D IYs

¢NKCKID IVI

liAlrll



IrOIUilil-113-Nll° (lilY. 1.liD)

PNIllA NI[O Iyi

¢llICKIll liT*

NORTH AMERICAN AVIATION, INC.
8IiIAC il_ Ind lii_llFOillli.li,'i_iON SYiill_IiI IDll_ilIIOil

P&III NO. Oli

++_-,.

F _

.. _

!r N

]±

71i_

7_:N

ff t_I-
4444-

_ _-_._-r_-

_-i _,_
14- _ !!!I+_,-+



CON

liOI M-113-NI* (IV. 3-II)





NORTH AMERICAN AVIATION, INC.
8PAC se and INIq0RMA'I'ION 8YO'l"_ld_ DIVI_IO_

SID 63-1460



M.IIIII-MI- (lillY. l-lll



llOIMi M-II3.HI- (IIIEV. 'll*Ol)
i i

PNIPAIIED IIYI

¢HfCK[O lye

i

IkLTII

m|

NORTH AMERICAN AVIATION, INC.
IIPACII_ lladl II_IIPO_TION 8YBTH_41_ DIVlIIIOI+

/
I_lil NO. _

NIPOIIT NO. t



II.l|a*Nl* (IRV. J-OI)
i

I*q_PA IIIr_ llYa
l,

¢lmicKIII, 11¥o

BITE,

i

i



II-II'R-NR- (lilY. S-li)

NORTH AMERICAN AVIATION, INC.
_ INIqDI_M[A'I'ION _ DlVi_IR11M

;i- t_ ...

I:I- _

4@

!_,I h_ _T-

m

I_U N.
i

;H

_H

m

N-

F_
rr_

:174
71

2:1

_I

.i+.i
t:;

1:1

_t

:I-L"

U:I

22

ttl

II:
_4

U_

N

!

i



i i i ii ' i i i i

NORTH AMERICAN AVIATION, INC.
_cse and INFORMATION 8_ DIVIS/ON

1 J

' I IIIIIIIII[Ii llllllll:[][]l lllll| illlll: ................................ ;;ii;Z ; _i _: ....... ;: ..... _'-_"_'= ; .............

i !!i!!!!!!!!!!!!!!!!!!i!::;:_;;_:;_:ll!

ii!iiiiii!iiiiiii__
iiiiiiiiiiii!iii!!!!iT!iiiii!iiiiiiiiiiiiii!i
iiiiiiiii!iiii!!!!!]!!!!_iiiiiii_iiiiiii_i
::U_!!!!!iiiiiiiii;t=i!iiiiii!!!!!!i!!!!!!,,

;ll lllII|IlIlIIIII|III:'_,TIIII_]IIIIIII|IIIIlIlI_

:II llllllllllllltllltl=.:;blllllllllillllllllM
H4- +l+t+l--H+l+t-_H-emum_ ,+H+m+H+P4+ H4_

i iiilHiiiiiiiiiiiiiiiiiii!!!!!!!! :_;:::_''1iiiiiiiiii!!!iii!iii_ii[i__
• P Ft+I-I+H- ....

:ii!!!!tt!,,,,_itt_;m

IlITITI] lllll[+t_11iiiii!i iliiiii,,

iiiiiii ,:,_

!!!!!!! ,_+,_

iii;_;i: lllllllll

_H+[_ lllllllll

_ _1ttttttlllllll_

........ _,_,,._._

iliiiH
LLL

ii! II

iii ii

iii I:
::: I',

444- ,+
III II

..h'_!..!! 1.+'H.

_ttt_

_t!t!

I',IIIIIIII
II:,'II:;II

.U'"'":'"!
ij._j v, |U



NORTH AMERICAN AVIATION, INC.
SPAC_ and INFO_'rION _ DIVISION

OP



M-II3-N|. (llIV. |-|1)



FONM M-II3-NI- (_V. S-GI)

I mGpAIIEIO ISYI

I_II[¢K_ mYt

NORTH AMERICAN AVIATION, INC.
_:'_DB m_l |NPO]RMA'rJiON _ DZVIBIOI_I

PASE NO.

Ill[POre' NO.

i4OI_L NO.

OW
i i

A-IOZ SID 63-1460



I-Ila*N&o (_, 8*01)
i

Im'll@PA Nl[O iYo
i

¢NI[¢KI[I) IDVn

:]:::

:::::

ii_il
::_::

!!!!

I_,tI-H ', : :_% [_, : ; Z i i

NII',I[IIII',II_I, ll_lll_

NORTH AMERICAN AVIATION, INC.
and INII_RJ_LA_k_ION _ DIVI_iO_

!!!! ....

iiii

_tt[[

[!ii; :_::
Iii; [[i[

_ -H-;-F

NNo

t+4'_

;J]l_i[i_illJ

iii!!iiii!ii
FH-H H-_H

H-FH.., ._'_-_-'m

,,r:a!!]!! ill
I-fP_ tN_ }+l

•H _ l.-t_'4 %-!

_m

_.._
i!l t_

II

5
"rf

I 1

+_

........................_-F _ _ _ t-"

..................._ ........;_ _i _ _ _ _"_,_

__-_t__

mr _
A-103 63-i460



M-II3-NI- (NKV. .11-60)

NORTH AMERICAN AVIATION, INC.
8JPA_B/II_IILqO]RN[XI'IObl _ DIVI_IIO_

I_ lill NO.

WNO.

SID'63- 1460



M*I|3-NZ. (MY. |*ill)

Pilt PAIII[O llYt

CNI[CKI[| Iy!

NORTH AMERICAN AVIATION, INC.
_ACB _ml 1NI_OIR,MATION 8Y'I_'HI_8 DI_I_IION

PAGE NO. OV

IitPol_r NO.



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

0

Figure 33<=

.4 .8 1.2 1.6 2.0 2.4 2.8 3,2

S/T

Configuration Math No.: /.98 C_ = 0 ° CT : 0

EmN_'m__
- -- _NW_,B{.N.T,IAL

A-106 SID 63- 1460



NORTH AMERICAN AVIATION, INC.

] 3.2

2.8

2.4

2.0

G.

1.6

¢
Z
W

o_m.2
14.
l,I.
grail

0
r_

.8

O_
:3

U) .4(n
UJ

O.

0

-.4

8PAC R _ INFOlt_IATION 8YS'rKM8 DIVISION

__i!!!!!iiiiiiiiiiiiiiiiiiiiiiiii!!!!!!!!!!!!!!!iiiii!!!!!_iiiiiiii!!!!!!!!!!!!!!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiiiiii_

-.8 0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2

s/r

Figure 33b Configurotion

E_NTICI
6S _ 28 _o

Moch No.=/.?,_ (_ = 0 C T= 0

A-107
SID 63- 1460



NORTH AMERICAN AVIATION. INC.

 JAL =

SPACE and INFORMATION SYSTEMS DIVISION

0

Figure 33c

.4 .8 1.2 1.6 2.0 2.4 2.8 32

S/T

Configuration

E,WNoTmC= _
6,5 _ Z8 _o

Mach No. = /. P_

A-108

0

=0 CT =//,C

p_ur,_r __L_Uu
_-Jl_JIII II_m.l_! I I._ IL

SID 63- 1460



NORTH AMERICAN AVIATION, INC.

3.2

2.8

2.4

2.0

G.

1.6

¢
Z
tlJ
I

la.
ta.
tu
0
o

.8

iaJ
a:

u) .4u)
tu
0c
o.

0

-.4

8PACB _ INFORMATION 8YS"I'KM8 DIVISION

...,.,,,,,.lzz Hl[|l|la[llllZZ.,..,.lJl|.,.J.,,lJHIZl.,,li..,.,,,.,,,.,,,,, ....... ''''''''',Jill..,.,.,,, ............ ,..,,,,...''''''"' ..... ,,.,.,,....,....,..

::::: : ::: ::', :::::::]:::p, ::::::::::::::::::::: :: :', :,,. :: :::: :::', :::::: ::' P,: : : ', ', ', ', : : : : : ::::: ::', ,::,, :, ,::: '._::: ::::::: ::::::::' ',: ',::::::::: ::: ::::::: :::::: :: :!!!!!!

- 8 __ii_i_iiiiiiiii_i::_:::_iiiiiiiiiii::::!_::::::_::::::ii::i::::iiiiii::i_:iiiiii!ii:_gii::_:::ii:::_ii!::!::!!::::::!!::i::!!!!ii:::;_::iiii_:_:_:::_!_iiiii_::_::::_::_!!
• 0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2

s/r

Figure 330/ Configuration Mach No.=/. ?8 (3_=C:_"

EINTIICI
8 28 Yd

A-109
SID 63- 1460

CT=LI_-

il I ---- _ -

wvu • [ w_ _.1171 IF]i IL



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

0

.4 .8 1.2 1.6 2.0 2.4 2.8 32

s/r

Figure 3:3 e Configuration

EmN.TmCe
65 u 28 _0

Mech No. =/. 98

A-110
SID 63- 1460



NORTH AMERICAN AVIATION, INC. 8PAC R _ INFORMATION _ltl8 DIVISION

5.2

2.8

2.4

2.0

G.
U

1.6

Z
tL/
!

o
u.
ta.
|.s
akm.l

0
rO

.8

ta.I

.4(/)
taJ
n-
O.

0

-.4

;;;;,;;;;;;;;;;; ;; ;; ; ::::::::::::::::::::::::::: ;:'::;::::;; :::::::::::::::::::::::::::::: ;; ;; ;, ', ', ; ; ; ; ;;:;:;:;:: _;',_::_::::; ::_: ',: :_; i;-'; ;; ;:;::',:::: .......•;_;;_ .......................................................... _ .................................................................................... _[:_[';
ii_i_:i_:ii_.i_:_:iiiiiiiiii _:i_:_:i_:iii;:i"._:i_:':i_:":_:_:":i i;:iiiiiiiii iii_:;:;:;:i i ii_i_:_:_:;:i_:i_:_:i_:i_:_:iiiiiii;:':i_:;:_:iii_:iiiiiii_:i_:_:::::i::_:i_:iii:::::::::::::::::::::::::::::::iiii_:ii:::::.::ii iiii

m 8 _:::_:_::_:_:_*_::_:_:_:_:_:_::_::_:_:_:_:_:_`_:_:::_:_:__::_:_:_::_:_1i_

• 0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2

sir

Figure 33f Configuration Mach No.= /. 98 (_ = <:_o C_=,_.O0

E_NTmC|
_r5 8 z8 _o

A-Ill Nlrr"_-_nr1__JT__r

SID 63- 1460



NORTH AMERICAN AVIATION, INC. _ SPACEsnd INFORMATION SY$TEMS DIVISION

0 =0e

0 = 22.5"

0 = 45 °

0 = 67-5 °

O = 82.5 °

0

Figure 3_Q.

.4 .8 1.2 1.6 2.0 2.4 2.8 32

S/T

Configuration
EeN_TmmCm

65" o Z8 _0

Mach No.=/. ?B

A-IIZ

0

C2=_

SID 63-1460

CT = Q.



NORTH AMERICAN AVIATION, INC.

/

8PACK _nd INP0_'IVlON 8YS'I_M8 DIVIBION

0 _ = 180*

0 e = 157.5"

A e = 135*

e = liE.5 •

r-I e = 97.5"

0

s/r

Figure 3_'_ Configuration

E_N,,TuC=
65-- 2B _0

Mach No. = /. _ (_ - C T- 0

A-113 SID 63- 1460



NORTH AMERICAN AVIATION, INC.

3.2

2.8

2.4

2,0

(1.
O

1.6
p,

I-
Z
I.kl
m

_-- 1.2
tl.
t.i.
tlJ
O
O

.8

W

_ .4
W

0

-.4

- "80 .4 .8

Figure 3#c Configuration

Eo'N.TIBCI
6"5 o 2_, _0

SPACE and INFORMATION SYSTEMS DIVISION

0 @ :0-

0 e = 22.5"

A @ : 45"

e = 67.5"

[] @ = 82.5"

1.2 1.6 2.0 2.4 2.8 32

SIT

Mach No.= /. 98

A-f14

CI_ :. 5 °

SID 63-1460

C T =/1_[



NORTH AMERICAN AVIATION, INC. 8PACI¢ mKl INFORMAl'ION 81tg'l_M8 DIVISION

3.2

2.8

2.4

2.0

tO

1.6

Z
lug

-_ m.2

0

.8

U_ .4

0

-.4

0 0 = 180°

0 e = 157.5-

zl e = 135-

0 e = 112.5-

r-I (_ = 97.5"

.:_[_i_i;;[_iiii_ili_i[ii':;iii_',i;i iii','dlii;,i ;,;,;,;dii!i_iiiii_-:,il;.;,;.i ;,_;:,;,ii_ii iiii!!!:, !! ii iii !!!!!! !!!!!!!!!!!! !!i:; ::;i":!!!!!!!!!!!! iil ii_ii'_iiii!!!!; ;;;,,, :

1°8 """:;:ll;;lllll:i""lllIlll',;;;;llll! .... ',l;ll|l-" 1 ;: l ; ', ',1 ; ; :',: ; :',; l :ll;;',l I ', ',HH II '1,';;;I;;;! 1111H jiilllll'',',;l ;: :l l;Ill :' l:l::: ll'l:::::l;l l! III ll', ',; ;ill;;8 2;i 18 m.2 ,.. ao a.4 2.. _2
s/r

Figure 3_0 _ Configurotion Moch No. = /. 98 (_ " -_" CT =/./_"
E47NT24C2

A-115
SID 63-1460



0

.4 .8 1.2

Figure 3_'e Configuration

E (i, NBTII Cl
63" ZB _o

SPACE and INFORMATION SYSTEMS DIVISION

0 0 =0°

0 8 = 22.5-

Z_ 0 = 45 °

0 e =_7.s-

I"1 0 = 82.5 °

1.6 2.0 2.4 2.8 3.2

S/r

Mach No.= /38 C_ -- 3" C T = Z. O0

A-II6 SID 63-1460



NORTH AMERICAN AVIATION, INC. 8PAC R _ INFORMAl'ION 8YS"IYM8 DIVISION

3.2

2.8

2.4

0 0 = 180°

0 e = 157.5°

A e = 135°

<> e = _i2.5-

[] e = 97.5"

2.0

O.
(..1

1.6

Z
tLI
!

u_ 1.2
u.

ill
0

.8

ta.I
0[:
:)

m .401
b.;

O.

0

-.4

s/r

Figure 3_f Configuration Math No.= /. 98 (_ =.5 -0 CT=2.DO

E,ir N_TmmC,
4s'-- 28 _o

i A-II7
SID 63-1460



0

Figure ,93"=. Configurotion

E,a, NTmCe
65 o Z8 ¢0

AVIATION, INC.

1.6

SIr

Mach No.

SPACE and INFORMATION SYSTEMS Di%'ISION

2.0 2.4 2.8 32

_8 _ :/o
o

CT=O

", llfll Nr L
A-II8

SID 63- 1460



NORTH AMERICAN AVIATION, INC.

...... m_nl I

3.2

2.8

2.4

8PACE _ INFOI_'rION SYSTEM8 DIVI81ON

0 (_ : 180o

0 e = 157.5,

/_ e = 135-

0 e = In2.s*

rl e = 97.5*

2.0

O.
L_

1.6

i-"
Z
l,l

o_0.2
U.
la.

o

.8

I¢1
I¢

m .4
LU

Q.

0

-.4

n,,l,, ,, i iiil i i,il; i;,, ,, ,, ,; ;i, ,,,,,, ,,,,,, ;;;i iiiii iii ; i;;i ;;,, ,,,, ,,,, i i i, i, i ,, II I i i i iiiiii i i i ii iiii ii i ii i ill iii ; iii iiii ; ; ; ;;; ;;; i; ii i; i i;; i; ;; ; i; ill iii iiii;

0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2

s/r

Figure 3_6 Configuration Mach No. = /. @8 (_Z ---/0 CT= 0

A-119

SID 63- 1460

E4rNTIICI
a A i i Im I Illl ill i LIIIO_._ill_ -',_!

/I



NORTH AMERICAN AVIATION, INC.

•_", =1_'1r_ IklTI A I

3.2

SPACE and INFORMATION SYSTEMS DIVISION

0

Figure 33"c

.4 .8 1.2 1.6 2.0 2.4 2.8 3.2

S/T

Configuration

E,m,NTlC|
6"3 Q 28 _-O

Mach No.

A-IZO

/,_8 (_ -/0 °

SID 63- 1460

CT = /./'#



NORTH AMERICAN AVIATION, INC. 8PACE .el INPORMATION SY81_M8 DIVISION

3.2

2.8

2.4

0 0 " 180"

0 e = ,57.50

A e = 135 °

0 e = ,,z5-

17 e = 97.51

2.0

1.6

Z
W

u_ ,.2
M.
M.
I.M
O
¢.)

.8

_)

U) .4fJ)
tlJ
t¢
Q.

0

-.4

='ll]''lllllllllll[llll'''lllil'lllll .... _]]]_i]iii_[_]_[[_ijjjj]_j_i_]j_[_]_[_[_j_ii_i_ I .... llllll,l,;i,;_;_.

• • • • • ...... ______________`__________________•____________1________________•_________________` ...... |1111, ......... iiiiiii1111

8 ___|___|____:___

" 0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2

s/r

Figure _sd Configuration Moch No.= /-Y8 (_ =/0 CT=/./#

E4r N_TlCr
65"-- _.8 4/O

A-IZI

SID 63- 1460



NORTH AMERICAN AVIATION, INC.

3.2

SPACE and INFOF_IATION SYSTEMS DIVISION

0 e -0°

0 0 : 22.s"

A O = 45"

0 e = 67.s-

[] O = 82.5"

0

S/T

Figure 33-¢ Configurotion

E4mrN=Tmm_Cm
65 _ _8 _O

Mach No. = /. 9_

A-122

(_ ---/O

SID 63- 1460

C T = 2. OQ



0

SPACE tnd INFORMATION 8Y'S'I_EMS DIVISION

0 0 = 180"

0 e = 157.5"

A O = _35-

0 e = Jl2.5-

[] e = 97.5 =

iiiiiiiiiiii ii`ijiii_"_i_`ii_iiiiiiiii_i_ii_u_`_""_j_||_"_i_|_j]_[_"_"_H_"j_"_|_"_[_[_n_"m

.H n HI], =.....,, .[ H.,.. ,,.,, ,.l.¢ = n In.. = J = ''' ''', fTTrITT ] l l_rTlrnrTtrrz_ rTr_'Ttl_tTTT_I rr] T. t.. [ l r[_. I =. tt|llTTt.. |. = ...I

|H_!_i_!_iiiiiiiii_iii!!!!!!!!!!!!!_!ii!!!!!!!!!_iiii_!!!!iiii1iiiiiiiiiiijiiiiiiiiiiiiiii}iiii_iii_i_!!!!!!!!!!!!_!!!!iiji !!

_i8 O ...... R ...... tl_illlll_lo4 ...................... .8 IJll]lll[llnlJlnlllll_l_ .... iJlllnlll,,][inJlJl[]lllJl,nlll[[llnnnll[[]llll_ 2_0 214 ...................... 2t81[ ....... ]]Jl ........ _2

s/r

Figure 3_f Configuration

EcN,,TmCm
65"_ 28 _0

Mach No.-- /.c28 C_ =JO ° CT =2.00"

A-IZ3
SID 63- 1460



NORTH AMERICAN

3.2

AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

0 0 =0°

0 0 : 2z.5"

A O = 45 °

Q O = 67.5"

F'I O = 82.5 °

0

Figure 3.6

.4 .8 1.2

Configurotion

E,I,N_T_Cm
65" o 28 _o

1.6 2.0 2.4 2.8 32.

S/T

MQch No.=/. 98

A-124

C_ _/.5_o c T =o

SLD 63-1460



NORTH AMERICAN AVIATION, INC. 8PACE arid INPORMATION SYSteMS DIVISION

0 (_ : 180 °

0 e : _5z5.

A e : 135°

0 e = _i2.5-

[] e : 97.5"

0

s/r

Figure 3_ b Configurotion

E47NT24C2
Moth No. = /-78 CI_ =/S° C T = 0

A-125
SID 63- 1460



NORTH AMERICAN AVIATION, INC.

L__ b
SPACE and INFORMATION SYSTEMS DIVISION

2,0

0

Figure 3d c

.4 .8 1.2

Configuration

E,eN=TsmC=
6S TM 2B ¢0

Mach No.--- /. 9_ C] :/5

A-1Z6
SID 63-1460

CT_.X/4"



NORTH AMERICAN AVIATION, INC. 8PACE and INFORb/ATION SYSTEM8 DIVI81ON

5.2

2.8

2.4

0 O = 180°

0 e = 157.5"

O : iss-

0 O = 1,2.5-

[] e = 97.5"

2.0

O.

1.6

Z
I_J

M.
It.
I.I

O
¢.)

.8

laJ
0C

m .4
¢t)
I_J

¢L

0

b --.4

::::::iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!!_!!iiiiiiiiiiiiiiiiiiiiii__iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii__ii!!iiiiiiiiiiiiiii;:;:::;;;;;;;:::::::::

-.8 _s_!)!_;l_i_!_i!_)_i_!_(iiiiiiiii_i__)_!!__)))iiiiiiiiiiiii)i_))!
0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2

s/r

Figure 36o _ Configuration Mach No. =/. 78 (_ -/5- ° CT .. _/f

E,m,_TmmCm

A-IZ7
SID 63- 1460



NORTH AMERICAN AVIATION, INC.

_VI11 ]I]LI L I I ,LII_I- "

3.2

2.0

0

-.4

Figure 36e Configuration

E,I'N_TICm_
35" _ 28 _o

1.6

S/T

Mach

A-128

SPACE and INFORMATION SYSTEMS DIVISION

NO. = /. _
¢b

(_ =/S CT-- 2.00

SiD 63-1460



NORTH AMERICAN AVIATION, INC. SPACE and INPORMATION SYSTEMS DIVISION

3.2

2.8

2.4

0 e = J80 °

0 e = 157.5 °

A e = 135°

0 e = ii2.5-

1"3 e = 97.5 =

2.0

I1.
0

1.6

¢
Z
I.=.1

o 1.2
h
U.

0
U

,8

W
IX:

m .4¢/)
tU

O.

0

-.4

"" 0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2

s/r

Figure 3_f Configurotion

E41,NTIICI
d_" 8 28 eo

o
Moch No.= /. _B (_ --/5

A-IZ9
SID 63- 1460

CT=2.0 0

nnu rll_rU?ll |.; _
-- VVl*l/llil- 1 1-11 llll



AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

0 0 :0"

0 O : 22.5-

A O : as°

0 :67.5°

[] 0 = 825"

0

- "80 .4 .8 1.2 1.6 2.0 2.4 2.8 32

S/T

Figure 370- Configuration Mach No. = /. 96 C] -: Z. 0 c T = 0

E,il'N31B Cl _ ,,_I
,_. o 28 vo _lnl_

A-130
SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACE _nd INFORI_ATION SYS"IEM8 DIVISION

3.2

2.8

2.4

0 e " 180=

0 e = iST.S-

Z_ e. = 135-

<> e = _12.5-

FI e = 97.5"

2.0

Q.
0

1.6

¢
Z

-_ J.2
U.
la.
bJ
O
0

.8

I¢1
Q:

m .4ul
i,i
IX:
(L

0

-.4

o

Figure 376 Configuration Mach No.= /. 98 CI_= 2{) CT= 0

EiI, N.T-- C I
6_ e _ ,_o

A-131
SID 63-1460



SPACE and INFORN|ATION SYSTEMS DIVISION

0 e =0°

0 e = 22.5 °

A e = 45°

e = 67.5-

[] 0 = 82.5 °

0

-.4

- .8 0

Figure 37c

.4 .8 1.2

Configuration

E 41'NsTI_,_ Ci
d$ z8 _0

1.6 2.0 2.4 2.8 3.2

S/T

Mach No.= /. 9B
,0

C[=2o

A-13Z
SID 63-1460

CT" /./_

-_ ..... .__"'.,'_._,L
%,,/v i _ w ,,.J



NORTH AMERICAN AVIATION, INC. 8PACE and INFORMATION 8_M8 DIVISION

3.2

2.8

2.4

2.0

tL

1.6

Z
ILl

_u o.2

M.

O
(.3

.8

I.iJ

.4¢/)
lal

n

0

-.4

;H_H_H;_;_IHHHU,,,,.,,,; ........................................................

||III., ................ _.........................................................................................................................................

.8 0 8 .6 2.0 2.4 2.8 3.2

s/r

Figure 37d Configuration

E,m,N,,TmCm
_.¢ "28 ,/o

Moch No. = /._P_ C]_ :Zo ° C T - /./,_¢/

--=

_'a_11,,oi_ill wl.wc..rv'a I'nI,_

A-133
SID 63- 1460



NORTH AMERICAN AVIATION, INC.

_L V _1 _ IVl--" ....

3.2

SPACE and INFORMATION SYSTEMS DIVISION

2.0

0

-.4

- .8 0

Figure 3 7e

.4, .8 1.2

Configuration

E l NsTII Cl
65 Z8 vo

1.6 2.0 2.4 2.8 32

S/T

Mach No.=/. _

A-134

SID 63- 1460



NORTH AMERICAN AVIATION, INC. 8PACE _ INF'ORMA'IION 8YS"IIBM8 DIVISION

3.2

2.8

2.4

2.0

0.

1.6

¢
Z
i,i

__ _.2
I,I.
It.
I=1

O
¢O

.8

I¢1
0C
:::)

U) .4U)
tlJ
IX:
O.

0

-.4

0 e = 180°

0 e = 157.5"

A e = 1550

O e = _i2.5-

I-I O = 97.5 °

i_H_E_1_i!!_51_ii_!!!!iiiiiiii!!_ii_i_ii_i_i_iii!i!!!!!!!!!iiiii!!!!!!!!!_iiiiiiii!!!iiii_iiiiiiiiiiiiiii!!!!!!!!!!!!!!__

-.eo................i;;.................is................ii2...............;i_.............2io...........;i:_.............;;8.............._
s/r

Figure 37f Configuration Mach No.'/, _6 Cl_=20

E41,N-TIII Cl
6_ 8 28 vo

CT = Z. O0

A-135
SID 63- 1460



NORTH AMERICAN

3.2

2.8

2.4

2.0

O.
0

1.6

},-
Z
W
1

z.2
I,,L
I,z..
I.z.I
0

.8

W

m .4
W

n

0

-.4

- "80 .4 .8

Figure 3B=. Configurotion

E,I,_TmCm
6._ o 28 ¥o

AVIATION, INC.

1.2 1.6

SIT

Mach

SPACE and INFORMATION SYSTEMS DIVISION

2.0 2.4 2.8 32

No,=/. <78 (]=30 CT = O

A-136 SID 63-1460



NORTH AMERICAN

5.2

2.8

2.4

AVIATION, INC.
SPACE _ INIK)RMATION SYSTEMS DIVISION

O 0 = 180°

0 e = J57.5.

Z_ 0 = 155°

[] 0 = 97.5"

2.0

Q.
O

1.6

Z
td

_o J.2
tl.
M.

O
O

.8

I¢1
¢

U_ .4u_
I¢1

O.

0

-.4

s/r

Figure 3Bb Configuration Mach N0.=/. 9_ CI_ =30 CT_- O

6s 8 R8 _ ............ ¢j_,

A-137 SID 63-1460



NORTH AMERICAN AVIATION, INC.

_ t'_ & i i'- i r_ r" i i"lf" I A!

U_/ill lIJLI1 i irsi_

3.2

SPACE and INFORMATION SYSTEMS DIVISION

0 e =0°

O 0 = 22.5-

A e = 45-

e = 67.5-

[] 0 = 82-5 °

0

Figure 38 c Configurotion

E,=r N='rmca_
65 " 2B ¢0

Mach No. = /, 98

A-138

Cl = 30

SID 63-1460

C T ffi/./_-



CON

3.2

NORTH AMERICAN AVIATION, INC. 8PACE _ INFORMATION SY8"I'EMS DIVI8ION

0

s/r

Figure38c/ Configuration

Ee, NTIBC|
dd" _ Z8 _o

Moch No. = /. _2[5 _ = ..30 CT =/./-._

A-139

"-'_"*" ' "_ __"T' __ _
v

SID 63-1460



NORTH AMERICAN

3.2

0

AVIATION. INC.

Figure 38 e

.4 .8 1.2

Configuration

E,W N=TmCl
65 " t8 ,,'0

SPACE and INFORMATION SYSTEMS DIVISION

Moch No, =/. ,q/3 =30 CT=2. OO

A- 140
SID 63-1460



NORTH AMERICAN AVIATION, INC.

C_ ....

8PACE and INFORMATION 8Y8TEMS DIVISION

0 e = 180"

0 e = 15ZS"

A 0 = 135°

@ e = ,=z.5-

[] e = e7.5-

0

s/r

Figure ,_Sf Configuration

E_NsT=.C,
Moch No. =/. ,_ (_ 30°= CT = 2. O0

A-141 SID 63- 1460



SPACE and INFORMATION SYSTEMS DIVISION

2,0

0

Figure ,57_

.4 .8 1.2

Configuration

E,BrN,TmCm
65 '8 _o

1.6 2.0 2.4 2.8 32.

S/T

Mach No. = /. 78
o

(2=_0 CT = 0

CC;:7:_'2"::T',;,L
A-14Z

SID 63-1460



AVIATION, INC. 8PACE and INFOHIVIATION 8_M8 DIVISION

0

s/r

0

Figure _Z_ Configuration Mach No.=/. '_ C_ = z_ CT = d)

E4rNTBBC_
&5 8 28 _-o -- _,=_._,ll_lll=%lf=,,it|,_,=| == .-_

A- i_3 SIN 63- 1_60



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

0

-.4

Figure 37c

.4 .8 I 2

Configuration

E,m,N)'mmCm
65 _ 28 VO

1.6

S/T

Math i_o.=/. 98

A- 144

(_= ¥0

SID 63-1460

C T = /./_



NORTH AMERICAN AVIATION, INC.

3.2

2.8

2.4

8PACE Iz'zd INPORMA"I"iON 8YS"i_M8 DIVI8ION

0 e = 180"

0 e = _57.5-

Z_ e = 135°

e = iiz.5-

[] e = 97.5 °

2.0

O.
¢.)

1.6

Z
LIJ

o_t.2
M.
I,i.
i.l.i
O
¢3

.8

I.iJ
IX:

U) .4r,/)

O.

0

-.4

_rTITXr • • tllT_|lllllllll|,llL,,I,,.,,,,,,,, .
........................................... Illl .............................. I

I[.[_lr_rN1N H r i |_ J ,i ,i i, I|lll,_,,,ll . .

-'80 .......... .4 .......;..............8; ................1.2:...........:.............1.6 ;.................2,0_............................2.4 _.........................2.8 3.2'

s/r

Figure 37d Configuration Mach No. = /. 98 (_ =_0

E,wNTaBC|
65 e zB 4,o

CT=/./_ •

'I_'J"_La z" I IP'%Jl" I I"J= I_ I

A-145 SID 63-1460



SPACE and INFORMATION SYSTEMS DIVISION

0

Figure 3 ?e Configuration

E_ N_T_C= _

Mach No. =/. _'8 CT = 2. DO

A-146 SID 63-1460



NORTH AMERICAN AVIATION, INC, SPACE _ INI_OI_A'I_ON 8_MS D|VlSION

0 e = 180°

0 e = ,5zs-

A e = 155°

e = 112.5 °

[] e = 97.5 °

0

s/r

Figure 3 ? Configuration

E41,NTIICI
b5 8 2B _eo

Moch No.=/ ?_ (_ =_ z_° CT -- 2. O0

A-147
SID 63- 1460



NORTH AMERICAN AVIATION, INC.

_ I I.,# I-- II 1-1rrR.

3.2

SPACE and INFORMATION SYSTEMS DIVISION

o

Figure #0_.

.4 1.2 1.6 2.0 2.4 2.8 32

S/r

Configuration

E_N=TmCm
6,_" o 2B ¥0

Mach No. =/- 9B (_ -.--,5"0° CT= O

 TIAL
A-148 SID 63-1460



NORTH AMERICAN

3.2

AVIATION, INC. 8PACE and INFORMATION SYS'I'EM8 DIVISION

1.2

°i

0

Figuree'o_ Configuration Mach No. = /.98 C1_=5o ° CT= 0
E4,NTIBC|

65" _ 28 ¥o

A-149
SID 63-1460



NORTH AMERICAN AVIATION, INC. SPACE and INFOIO, IATION SYSTEMS DIVISION

0 0 =0 °

0 0 = 22.5 °

A @ = 45 °

O e : s75-

[] e = 82.5 °

0

-.4

- .8 0

Figure 4JOt

.4 .8 1.2

Configuration

E¢m,N,,TICm
6S o _ vo

1.6 2.0 2.4 2.8 3.2

S/T

Mach No.= /.98

A-150

O

SiD 63- 1460

C T - /./V



NORTH AMERICAN AVIATION, INC, 8PACB aml INFORMATION SYSTEM8 DIVISION

0 0 = 180"

0 e = _57.5-

L_ 0 = i35 °

O e = _i2.5-

[] (_ = 97.5"

0

o
Figure #@d Configuration Mach No. /. _P8 CI_=J'O CT = /. IZ_

E4f N_TI Cl

A-151

SID 63- 1460

.------ i ll-- FIlIIII. i •



NORTH AMERICAN AVIATION, INC.

_._¢,_ =j,,=,._.==,,.l_= • /

SPACE and INFORMATION SYSTEMS DIVISION

0 0 =0°

0 O : 22.5-

Z_ O = 45 =

O O : s7.5-

[] O = 82-5 =

i

0

Figure /-/de

.4 .8 1.2

Configurotion

E 41' NaTI Cl _
dS" 28 _o

1.6 2.0 2.4 2.8 32.

SIT

Moch No. = /-_78

A-15Z

O

(_ = ,5"0

SID 63- 1460

CT= 2.00



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYST'EIMIS DIVISION

O 0 = 180"

0 e = ,57.5"

A e = 135"

e = ,!z.5-

I-1 e = 97.5-

0

s/r

Figure _zdf Configuration Moch No.=/ c2_ C_ =50" C T--Z.DO

E,_,NTsBCs

A-153 SID 63- 1460



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

DISTRIBUTION FOR TEST REPORTS*
(PARAGRAPH5..5)

Address

National Aeronautics and Space Administration

Atlantic Missile Range Operations

Port Canaveral, Florida

Attn: Mr. B.P. Brown

NASA Headquarters

1520 H Street

Washington, D. C.

Attn: Mr. G.M. Low, MD(P)

Grumman Aircraft Engineering Corporation

Bethpage, Long Island, New York

Attn: P. Gardiner

MIT Instrumentation Labo,,ttory

75 Cambridge Parkway

Cambridge 39, Massachusetts

NASA Resident Apollo Spacecraft Project Officer

Grumman Aircraft Engineering Corporation

Bethpage, Long Island, New York
Attn: Mr. Jack Small

National Aeronautics and Space Administration

Post Office Drawer D

White Sands Missile Range

White Sands, New Mexico

National Aeronautics and Space Administration

Manned Spacecraft Center

Transportation Officer

Elington Building 381

Houston, Texas

Attn: Apollo Document Control Center

Elington 336 - TO BE OPENED BY ADDRESSEE ONLY

Copies

5

25

*The distribution for this report has been accomplished in compliance with paragraph 1. 2 of Exhibit I of contract NAS9-150

and the NASA Apollo Documentation Distribution List (NASA-M/S(.: letter _P-{53-47_, aated Z October _963).



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

Address

National Aeronautics and Space Administration

Headquarters NASA Plant Officer

P.O. Box 2500

Daytona Beach, Florida

Attn: Administrative Contracting Officer

National Aeronautics and Space Administration

Manned Spacecraft Center

Resident Apollo Spacecraft Project Office NAA

12214 Lakewood Boulevard

Downey, California

National Aeronautics and Space Administration

Ames Research Center

Moffett Field, California Attn: Library

National Aeronautics and Space Administration

Lewis Research Center

Cleveland, Ohio Attn: Library

National Aeronautics and Space Administration

Flight Research Center

Edwards AFB, California Attn: Research Library

National Aeronautics and Space Administration

Jet Propulsion Laboratory

Pasadena, California Attn: Library

National Aeronautics and Space Administration

Langley Research Center

Langley AFB, Virginia
Attn: Mr. A.T. Mattson

National Aeronautics and Space Administration

Goddard Space Flight Center

Greenbelt, Maryland

Attn: Manned Flight Support Office, Code 51Z

National Aeronautics and Space Administration

George C. Marshall Space Flight Center

Huntsville, Alabama Attn: M-SAT-AP

National Aeronautics and 5pace AdminisLJ:_Liu**

Resident Apollo Spacecraft Project Office

MIT Instrumentation Laboratory

75 Cambridge Parkway

Cambridge 39, Massachusetts

Copies

2


